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GENETIC SEQUENCES ENCODING STEROID AND JUVENILE HORMONE 
RECEPTOR POLYPEPTIDES AND INSECTICIDAL MODALITIES THEREFOR 

This application is a continuation-in-part of Australian application PP1 356/98 filed 15 January 
1998 and PCT application PCT/AU99/00033 filed 15 January 1999, both incorporated herein by 
reference to the extent that there is no inconsistency with the present disclosure. 

FIELD OF THE INVENTION 

The present invention relates generally to novel genetic sequences encoding receptor polypeptides 
and insecticidal modalities therefor, which insecticidal modalities are based upon non-polypeptide 
insect hormones and their receptors. More specifically, the present invention provides isolated 
nucleic acid molecules encoding polypeptides comprising functional steroid hormone and juvenile 
hormone receptors, in particular isolated nucleic acid molecules which encode polypeptides 
comprising the Lucilia cuprina and Myzus persicae ecdysone receptors and juvenile hormone 
receptors. In a particularly preferred embodiment, the present invention relates to isolated nucleic 
acid molecules which encode the L cuprina and M. persicae EcR polypeptide subunits and EcR 
partner protein (USP polypeptide) subunits which form functional heterodimeric ecdysone receptor, 
and to the L cuprina and M. persicae USP polypeptide of the juvenile hormone receptor. The 
present invention further relates to the production of functional recombinant insect receptors and 
recombinant polypeptide subunits thereof and derivatives and analogues thereof. The present 
invention further relates to the uses of the recombinant receptor and isolated nucleic acid 
molecules of the present invention in the regulation of gene expression. The present invention 
further relates to screening systems and methods of identifying insecticidally-active agents which 
are capable of agonising or antagonising insect receptor function, such as molecules and/or ligands 
which associate with steroid receptors or juvenile hormone receptors so as to modify the affinity 
of said receptors for their cognate c/s-acting response elements (e.g., insect steroid response 
elements, juvenile hormone response elements) in the genes which they regulate, or alternatively 
or in addition, which modify the affinity of said receptors for their cellular stimuli (e.g., insect 
steroids or juvenile hormones) or analogues thereof, or alternatively or in addition, which act as 
insecticides by virtue of their ability to agonise or antagonise the activity of insect hormones, such 
as by mimicry of a ligand which binds to said receptor or a ligand-binding region thereof. The 
invention further extends to such compounds and/or ligands. 

This specification contains nucleotide and amino acid sequence information prepared using the 
program Patentin Version 2.0, presented herein after the bibliography. Each nucleotide 
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or am.no acid sequence is identified in the sequence listing by the numeric indicator <210> 
ollowed by the sequence identifier (e.g. < 2 10>1 , <210>2, etc). The .ength, type of sequence 
(DNA. protein (PRT), etc) and source organism for each nucleotide or amino acid sequence 
are .nd.cated by information provided in the numeric indicator fields <21 1> <212> and <213> 
5 respective.y. Nucleotide and amino acid sequences referred to in the specification are defined 

by the mformation provided in numeric indicator field <400> followed by the sequence identifier 

(eg. <400>1, <400>2, etc). 

,0 I^ntf °' " UCle0 " de reSidUM '° here ' n ™ «— amended by the 

.0 PUPACUB Biochemical Nomenclature Commission, whereln A represen(s ^ c 

rZT p Cy,OS ' ne ' ° raPreSe, " S GUanin6 ' T rePre5en,S Y 'V™** * ^itfne 

«s,due. R regents a purine residue. M represents Adenine or Cytosine. K represent, 

Guan,ne or Thymine, S represents Guanine or Cytosine. W represents Adenine or Thymine 
H represents a nudeotide other than Guanine. 8 represents . nucleotide other then Aden,ne' 
V re ppnts a nucleotide ^ ^ ^ D _ ^ ^ 

and N represents any nucleotide residue. 

Biographic details of the pubiications referred to in this specification are collected a, the end 
of the description. 



20 



As used herein the term ..derived from" sha» be taken to indicate the, a specified integer may 
be obtained from , particular source albeit not necessarily directly from that source. 

Throughout this specification, unless the context requires ofren.ise, the word "oomphse" or 
venations such as "comprises" or "comprising", will be understood to imp,, the inclusion of a 
stated step or element or integer or group of steps or eiements or integers bu, no, the 
exclusion of any other step or element or integer or group of eiements or integers. 

Those skiPied in the art wil, appreciate tha, the invention described herein is susceptibie to 
venations and modifications other than those specifically described. „ is to be understood the, 
t» invention includes a „ such variations and modifications. The invention also incPudes ail o, 
•he steps, features, compositions and compounds .eferred to or Indicated in this specification 
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individually or collectively, and any and all combinations or any two 
features. 



or more of said steps or 



The present invention is not to be limited in scope by the specific embodiments described 
5 herein, which are intended for the purposes of exemplification only. Functionally-equivalent 
products, compositions and methods are clearly within the scope of the invention, as described 



herein. 



Els 



BACKGROUND TO THE INVENTION 

10 International Patent Application No WQ91/13167 (applicant, The Board of Trustees of Leyland 
Stanford University, and hereinafter referred to as W091/13167) describes the identification, 
characterization, expression and uses of insect steroid receptors and DNA sequences 
encoding same and. in particular, the identification, characterization, expression and uses of 
the steroid receptor of the common fruit fly, DrosophUa melanogaster. 

15 

It has been found by the present inventors that the limited homology between the D. 
melanogaster steroid receptor-encoding gene sequences and the steroid receptor -encoding 
sequences derived from other insects, in particular those derived from diptera such as the 
Australian sheep blowfly L. cuprina. hemi ptera such as aphids, scale insects and leaf hoppers 
20 coleoptera, neuroptera, lepidoptera. and ants, as well as from helminths and protozoa 
prevents the routine isolation of DNA sequences encoding steroid receptors and/or juvenile 
hormone receptors from these latter-mentioned organisms. 

Moreover, the present inventors have discovered that the D. melanogaster steroid receptor 
25 described in WQ91/13167 is temperature-sensitive, showing reduced activity at temperatures 
above 30X. such as at temperatures about 37"C, particularly at low concentrations of the 
receptor. Accordingly, the D. melanogaster steroid receptor described in W091/13167 is of 
limited utility at physiological temperatures appNcable to animal or bacterial cells. Moreover, 
wherein it is desirable to produce a biologically-active steroid receptor using in vivo or in situ 
30 expression systems, which expression systems routinely utilise cells or tissues in the 
temperature range of about 28»C to about 42'C, the D. melanogaster steroid receptor is also 
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of limited utility. 



In work leading up to the present invention, the present inventors developed a novel screening 
protocol, involving the utilisation of highly-degenerate oligonucleotide probes and primers 
5 derived from the amino acid sequences of the DNA-binding domains of the D. melanogaster 
and Ohironomus tentans ecdysone receptor polypeptides, to identify nucleotide sequences 
encoding novel steroid receptor polypeptides and novel insect juvenile hormone receptor 
polypeptides. The present inventors have further identified specific regions within these novel 
polypeptides which are suitable for use in preparing a surprising range of novel steroid 
10 receptor polypeptide derivatives and insect juvenile hormone receptor polypeptide derivatives. 
The novel steroid receptor polypeptides and novel insect juvenile hormone receptor 
polypeptides of the present invention, and derivative polypeptides thereof, and assembled 
steroid receptors and insect juvenile hormone receptors derived from said polypeptides and 
derivatives, and nucleic acid molecules encoding same as exemplified herein, provide the 
1 5 means for developing a wide range of insecticidally-active agen ts. as well as methods for the 
regulated production of bioactive molecules. In particular, the present invention provides the 
means for developing specific ligands which bind to and either agonise or antagonise the 
steroid receptors and/or juvenile hormone receptors and/or polypeptide subunits thereof as 
described herein, thereby functioning as highly-specific insecticides, offering significant 
20 commercial and environmental benefits. 

The present inventors have been surprisingly successful in characterizing the ecdysone 
receptor and juvenile hormone receptor derived from insects of the orders Diptera and 
Hemiptera, and polypeptide components thereof and functional derivatives of said polypeptides 
25 and receptors, particularly in light of the extreme difficulties in dealing with these organisms. 
The nature of these molecules was unknown prior to the present invention. 

The various aspects of this invention overcome the problems associated with Drosophila 
ecdysone receptors which lack thermal stability. Moreover, those aspects of the invention 
30 pertaining to methods of screening for insecticidally active agents do not involve competition 
assays which are generally complex, and often inaccurate or difficult to calibrate. 
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SUMMARY OF THE INVENTION 

One aspect of the present invention provides an isolated nucleic acid molecule comprising a 
nucleotide sequence which encodes or is complementary to a sequence which encodes a 
steroid receptor polypeptide or a juvenile hormone receptor polypeptide or a bioactive 
5 derivative or analogue thereof, wherein said polypeptide: 

0) is selected from the list comprising EcR polypeptide of an steroid receptor, the 
partner protein (USP polypeptide) of an steroid receptor and the USP polypeptide of 
a juvenile hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to any one of 
the amino acid sequences set forth in «40O2, <400>4, «400>6, <400>10, <400>12 
or <400>14. 



in 



In an alternative embodiment, the present invention provides an isolated nucleic acid molecule 
comprising a nucleotide sequence which encodes or is complementary to a sequence which 
15 encodes a steroid receptor polypeptide or a juvenile hormone receptor polypeptide or a 
bioactive derivative or analogue thereof, wherein said polypeptide: 

(i) is selected from the list comprising EcR polypeptide of an steroid receptor, the 
partner protein (USP polypeptide) of an steroid receptor and the USP polypeptide of 
a juvenile hormone receptor; and 
20 (ii) comprises an amino acid sequence that is at least 40% identical to any one of 

the amino acid sequences encoded by the plasmids deposited under any one of AGAL 
Accession Nos. NM99/04565, NM99/04566, NM99/04567, or NM99/04568. 

In a further alternative embodiment, the isolated nucleic acid molecule of the present invention 
25 compnses a nucleotide sequence which encodes or is complementary to a sequence which 
encodes a steroid receptor polypeptide or a juvenile hormone receptor polypeptide or a 
b.oactive derivative or analogue thereof, wherein said nucleotide sequence is selected from 
the list comprising: 

(i) a nucleotide sequence having at least 40% identity to any one of the nucleotide 
30 sequences set forth in <400>1, <400>3, <400>5, <400>9. <400>1 1 or <400>13 or a 

complementary nucleotide sequence thereto; 
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(ii) a nucleotide sequence that is capable of hybridising under at least low 
stringency conditions to any one of the nucleotide sequences set forth in <400>1 
<400>3, <40O5, <400>7, <400>8. <400>9. <400>11 or <400>13 or to a 
complementary nucleotide sequence thereto; 

(iii) a nucleotide sequence that is capable of hybridising under at least low 
stringency conditions to a nucleotide sequence contained in any one of the plasmids 
deposited under AGAL Accession Nos. NM99/04565. NM99/04566. NM99/04567. or 
NM99/04568.; 

(Iv) a nucleotide sequence that is at least 40% identical to a nucleotide sequence 
contained in any one of the plasmids deposited under AGAL Accession Nos 
NM99/04565, NM99/04566, NM99/04567, or NM99/04568; and 
(v) a nucleotide sequence that is amplifiable by PCR using a nucleic acid primer 
sequence set forth in any one of <400>15, <400>16. <400>17, <400>18. <400>19 or 
<400>20. 

In a further alternative embodiment, the present invention provides an isolated nucleic acid 
mo.ecule which encodes a steroid receptor polypeptide and comprises the nucleotide 
sequence set forth in <400>1 or a complementary nucleotide sequence thereto. 

20 ,n a further alternative embodiment, the present invention provides an isolated nucleic acid 
mo.ecule which encodes a steroid receptor po.ypeptide or a juvenile hormone receptor 
Polypept.de and comprises the nucleotide sequence set forth in <400>3 or <400>13 or a 
complementary nucleotide sequence thereto. 

25 in a further alternative embodiment, the present invention provides an isolated nucleic acid 
mo,ecu,e whteh encodes a steroid receptor polypeptide and comprises the nucleotide 
sequence se, forth in «00>5 or <400>7 or <4O0>8 or <400>9 or a complementary nucleotide 
sequence thereto. 



15 



30 in a further alternative embodiment, the present invention provides an isolated nudeic acid 
moiecute which encodes a steroid receptor potypeptide or a juvenile hormone receptor 
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polypeptide and comprises the nucleotide sequence set forth in <400>1 1 or a complementary 

nucleotide sequence thereto. 

A second aspect of the present invention provides a method of identifying an isolated nucleic 
5 ac,d molecule which encodes a steroid receptor polypeptide or a juvenile hormone receptor 
polypeptide comprising the steps of: 

(0 hybridising genomic DNA, mRNA or cDNA with a hybridisation-effective 
amount of one or more probes selected from the list comprising: 

(a) probes comprising at least 10 contiguous nucleotides in length derived 
from any one of «400>1 , <400>3, <400>5, «400>7, <400>8, <400>9, <400>1 1 
<400>13. <400>15. <400>16. <400>17. <400>18, <400>19 or <400>20 or a 
complementary nucleotide sequence thereto; 

(b) probes comprising at least 10 contiguous nucleotides in length derived 
from a cDNA contained in any one of the plasmids deposited under AGAL 
Accession Nos. NM99/04565. NM99/04566, NM99/04567, or NM99/04568; and 

(c) hybridisation probes comprising the nucleotide sequences set forth in 
any one of <400>1 . <400>3, <400>5. <400>7, <400>8, <400>9, <400>1 1 , or 
<400>13 or a complementary nucleotide sequence thereto or a homologue 
analogue or derivative thereof which is at least 40% identical to said sequence 

20 or complement; and • 

00 detecting the hybridisation. 

In an alternative embodiment, the inventive method comprises the steps of; 

(i) annealing to genomic DNA, mRNA or cDNA, one or more PGR primers 
comprising at least 10 contiguous nucleotides in length derived from the group 
consisting of: 

(a) a primer derived from any one of <400>1, <400>3, <400>5 <400>7 
<400>8, <400>9, <400>11, <400>13, <400>15. <400>16. <400>17, <400>18 

^ -400>19 or -400>20 or a complementary nucleotide sequence thereto; and ' 

(b) a primer derived from a cDNA contained in any one of the plasmids 
deposited under AGAL Accession Nos. NM99/04565. NM99/04566 
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NM99/04567. or NM99/04568; and 
(ii) amplifying a nucleotide sequence which encodes a steroid receptor polypeptide 
or a juvenile hormone receptor polypeptide in a polymerase chain reaction. 

In a further alternative embodiment, the inventive method comprises the steps of: 

(i) amplifying a nucleotide sequence which encodes a steroid receptor polypeptide 
or a juvenile hormone receptor polypeptide in a polymerase chain reaction using one 
or more PCR primers comprising at least 10 contiguous nucleotides in length from the 
group consisting of: 

(a) a primer derived from any one of <400>1 , <400>3, <400>5, <400>7, 
<400>8, <400>9, <400>11, <400>13, <4Q0=>15, <400>16, <400>17. <400>18, 
<400>19 or <400>20 or a complementary nudeotide sequence thereto; and 

(b) a primer derived from a cDNA contained in any one of the plasmids 
deposited under AGAL Accession Nos. NM99/0456S, NM99/04566, 
NM99/04567, or NM99/04568; 

(ii) hybridising the amplified nucleotide sequence to genomic DNA, mRNA or 
cDNA with a hybridisation-effective amount of one or more probes selected from the 
group consisting of: 

(a) a probe comprising at least 10 contiguous nucleotides in length derived 
from any one of <400>1 , <400>3, <400>5. <400>7, <400>8, <400>9. <400>1 1 , 
<400>13, <400>15, <400>16, <400>17, < 4 00>18, <400>19 or <400>20 or a 
complementary nucleotide sequence thereto; 

(b) a probe comprising at least 10 contiguous nucleotides in length derived 
from a cDNA contained in any one of the plasmids deposited under AGAL 
Accession Nos. NM99/04565, NM99/0456S, NM99/04567, or NM99/04568; and 

(c) hybridisation probes comprising the nucleotide sequences set forth in 
any one of <400>1 , <400>3. <400>5. <400>7, <400>8. <400>9, <400>1 1 , or 
<400>13 or a complementary nucleotide sequence thereto or a homologue, 
analogue or derivative thereof which is at least 40% identical to said sequence 
or complement; and 

(iii) detecting the hybridisation. 
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A third aspect of the present invention provides a genetic construct comprising the subject 
■solated nucleic acid molecule which encodes a steroid receptor polypeptide or a juvenile 
hormone receptor polypeptide, operably linked to a promoter sequence. Preferably, the subject 
5 nucleic acid molecule is in an expressible format, such that it is possible to produce a 
recombinant polypeptide therefrom. 

Accordingly, a fourth aspect of the invention provides a recombinant or isolated polypeptide 
comprising a steroid receptor polypeptide or juvenile hormone receptor polypeptide or a 
10 bioactive derivative or analogue thereof, wherein said polypeptide: 

(i) is selected from the list comprising EcR polypeptide of a steroid receptor the 
partner protein (USP polypeptide) of a steroid receptor and the U5P polypeptide of a 
juvenile hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to any one of 
15 the amino acid sequences set forth in <400>2. <400>4. <400>6. <400>10, <400>12 

or<400>14; 

wherein said polypeptide is substantially free of naturally-associated insect cel. components. 

In an alternative embodiment, the invention provides a recombinant or iso.ated polypeptide 
20 comprising a steroid receptor po.ypept.de or juvenile hormone receptor polypeptide or a 
bioactive derivative or analogue thereof, wherein said polypeptide: 

(0 * selected from the list comprising EcR polypeptide of a steroid receptor the 
partner protein (USP polypeptide) of a steroid receptor and the USP polypeptide of a 
juvenile hormone receptor; and 
25 (ii) comprises an amino acid sequence that is at least 40% identical to a 

polypeptide encoded by the cDNA present in any one of the plasmids deposited under 
AGAL Accession Nos. NM99/04565. NM99/04566. NM99/04567 or NM99/04568" 
wherein said polypeptide is substantially free of natural.y-associated insect cell components. 

30 A fifth aspect of the invention provides a cell comprising the subject isolated nucleic acid 
molecule which encodes a steroid receptor polypeptide or a juvenile hormone receptor 
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polypeptide. 

In a preferred embodiment, the cell of the present invention expresses the polypeptide 
encoded by the nucleic acid molecule. 

5 

In a preferred embodiment, the cell expresses a steroid receptor polypeptide or a fragment 
thereof which receptor is capable of binding to an insect steroid or analogue thereof or a 
candidate insecticidally active agent to form an activated complex, and comprises a nucleic 
acid sequence encoding a bioactive molecule or a reporter molecule operably linked to one 
10 or more insect steroid response elements which on binding of the said activated complex 
promotes transcription of the nucleic acid sequence, wherein said cell on exposure to insect 
steroid or an analogue thereof, regulates expression of said bioactive molecule or allows 
detection of said reporter molecule. 

15 In a further aspect of this invention, there is provided an animal (such as a mammal), 
microorganism, plant or aquatic organism, containing one or more cells as mentioned above. 

A further aspect of the present invention provides a method of identifying a modulator of insect 
steroid receptor-mediated gene expression or insect juvenile hormone receptor-mediated gene 
20 expression comprising: 

(i) assaying the expression of a reporter gene in the presence of a recombinant 
or isolated insect steroid receptor polypeptide or a juvenile hormone receptor 
polypeptide of the invention and a potential modulator; and 

(ii) assaying the expression of a reporter gene in the presence of a recombinant 
25 or isolated insect steroid receptor polypeptide or a juvenile hormone receptor 

polypeptide of the invention and without said potential modulator; and 

(ii) comparing expression of the reporter gene in the presence of the potential 

modulator to the expression of a reporter gene in the absence of the potential 

modulator, 

30 wherein said reporter gene is placed operably under the control of a steroid response element 
(SRE) to which said insect steroid receptor binds or a promoter sequence comprising said 
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15 



A still further aspect of the invention provides a method of identifying a potential insecticidal 
compound comprising: 

(i) assaying the binding directly or indirectly of a recombinant or isolated insect 
steroid receptor polypeptide or a juvenile hormone receptor polypeptide of the invention 
to a steroid response element (SRE) to which said insect steroid receptor binds, in the 
presence of a candidate compound; and 

(ii) assaying the binding directly or indirectly of a recombinant or isolated insect 
steroid receptor polypeptide or a juvenile hormone receptor polypeptide of the invention 
to a steroid response element (SRE) to which said insect steroid receptor binds, in the 
absence of said candidate compound; and 

(ii) comparing the binding assayed at (i) and (ii), wherein a difference in the level 
of binding indicates that the candidate compound possesses potential insecticidal 
activity. 



20 



25 



30 



A still further aspect of the invention provides a method of identifying a candidate insecticidally- 
active agent comprising the steps of: 

a) expressing an EcR polypeptide of a steroid receptor or a fragment thereof 
which includes the ligand-binding region, optionally in association with an EcR partner 
protein (USP polypeptide) of a steroid receptor or ligand binding domain thereof 
optionally in association with an insect steroid or analogue thereof so as to form a 
complex; 

b) purifying or precipitating the complex; 

0 determining the three-dimensional structure of the ligand binding domain of the 
complex; and 

d) identifying compounds which bind to or associate with the three-dimensional 
structure of the ligand binding domain, wherein said compounds represent candidate 
insecticidally-active agents. 

A still further aspect of the invention provides a method of identifying a candidate insecticidally- 
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active agent comprising the steps of: 

a) expressing a USP polypeptide of a Juvenile hormone receptor or a fragment 
thereof which indudes the ligand-binding region, optionally in association with an EcR 
polypeptide of a steroid receptor or ligand binding domain thereof, and optionally in 
associate with an insect steroid or analogue thereof, so as to form a complex; 

b) purifying or precipitating the complex; 

0 determining the three-dimensional structure of the ligand binding domain of the 
complex; and 

d) identifying compounds which bind to or associate with the three-dimensional 
structure of the ligand binding domain, wherein said compounds represent candidate 
insecticidally-active agents. 

In another aspect this i„ven«on ^ to . method „ ^ fof ^ 

compounds which comphses reacting . candidate insectfcida, compound with a steroid 

receptorpoiypepBdeorfragmem^ereofer^mpassingtheli^ndbindl^domain. orcomple, 
thereof with a partner protein or a fragment thereof which encompasses the ligand binding 
doma,n. and detecfing binding or absence o, binding of said compound so as to determine 

msecticidal activity. 

20 A still turther aspect of the invention provides a synthetic compound which interact wim the 

three dimensional structure of a polypeptide or protein selected from the lis, comprising- 

» an EcR polypeptide of a steroid receptor or a fragment thereof 

m an EcR partner protein (USP polypeptide) of a steroid receptor or a fragment 
thereof; 

25 (iii) a USP polypeptide of a juvenile hormone receptor; and 

(iv) a functional receptor or protein complex formed by association of (i) and (ii) 
wherein said compound is capable of binding to said po,yp ept i de or protein to agonise or 
antagonise the binding activity or bioactivity thereof. 

30 Preferably, the synthetic compounds are derived from the three dimensional structure of insect 
stero,d rec epto r(s) or Juvenile hormone receptors) which compounds bind to said receptees) 
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and have the effect of either Inactivating the recess) or patenting , he activity of me 
r.cp,or(s). More preferably, the compounds mimic the three-dimensional structure of a iigand 
Which binds to the receptorfs) and more preferabiy. mimic the three-dimensional struaure of 
a Iigand which binds to the ligand-binding region of said receptors). 

in a m further aspect ofthls invention, mere is provided a screening system for iriseaicidaliy 
acve agents comprising a nudeo«de sequence encoding a steroid receptor or a fragment 
.hereof, and a nudeotlde sequence encoding a partner protein or a fragment thereof which 
assocates with the receptor so as to confer enhanced affinity for insect steroid response 
elements, enhanced affnity for i nMct steroids or ana|ogues ^ ^ 

partner protein Is capable of binding to a candidate inseCicidaliy active agent to form an 
achvated complex, and , nuCeic acid sequence encoding a bioadlve molecule or a reporter 
motecule operably linked to one or more insect steroid response elements which on binding 
of the said abated complex regulates transcription of the nudeic add sequence, wherein on 
exposure to said agent expression of the bioartive molecuie or reporter moiecuie correiates 
with insecticidal activity. 

in anomer aspect of this invention, there is provided a method for the regulated production o, 
abioactive moiecuie or a reporter molecule in a ce, said method comprising »,e steps of 

introducing into said cell: 

a) a nucleotide sequence encoding a steroid receptor or a fragment thereof which 
■ capable of binding an insect steroid or analogue thereof, to form an atfivated 

complex; and 

25 b, anucleotxie sequence encoding said bioactive molecule or reporter moiecuie 

operabiy ,i„ k .d to one or more insect steroid response eiements which on binding of 
the said activated complex regulates transcription of the nucleic acid sequence 
encoding said bioactive molecule or reporter molecule 

30 TT eXP 7 in9 '° *-* " "* «» »■*- ^ression of the 

30 bioactive molecule or reporter molecule. 



1 - 7-99 ; 1 6 : 23 ; 

P:\OPER\MROVECDYSONE.Cir - 1/7/99 



; 61 2 

• 



93645187 



# 18/124 



-14- 



SUMMARY 
<400>1: 



5 <400>2: 



<400>3: 



10 



<400>4: 



<400>S: 



15 



<400>6: 



<400>7: 



20 



<400>8: 



25 



<400>9: 



<400>10: 



30 



<400>11: 



OF SEQUENCE LISTING 

The nucleotide sequence of the open reading frame of a cDNA molecule which 
encodes the EcR polypeptide subunit of the L. cuprina ecdysone receptor and 
amino acid sequence therefor. 

The amino acid sequence of the EcR polypeptide subunit of the L cuprina 
ecdysone receptor. 

The nucleotide sequence of the open reading frame of a cDNA molecule which 
encodes the EcR partner protein (USP polypeptide) subunit of the L. cuprina 
ecdysone receptor and/or which encodes the USP polypeptide subunit of the 
L cuprina juvenile hormone receptor, and amino acid sequence therefor. 
The amino acid sequence of the EcR partner protein (USP polypeptide) subunit 
of the L. cuprina ecdysone receptor and/or the amino acid sequence of the 
USP polypeptide subunit of the L. cuprina juvenile hormone receptor. 
The nucleotide sequence of a cDNA molecule which encodes part of the EcR 
polypeptide subunit of the M. persicae ecdysone receptor and amino acid 
sequence therefor. 

The amino acid sequence of a part of the EcR polypeptide subunit of the M. 
persicae ecdysone receptor. 

The nucleotide sequence of the EcR probe 1 which is specific for genetic 
sequences encoding the EcR polypeptide subunit of aphid ecdysone receptors, 
in particulate EcR polypeptide subunit of the M. persicae ecdysone receptor. 
The nucleotide sequence of the EcR probe 2 sequence which is specific for 
genetic sequences encoding the EcR polypeptide subunit of aphid ecdysone 
receptors, in particular the EcR polypeptide subunit of the M. persicae 
ecdysone receptor. 

The nucleotide sequence of the open reading frame of a cDNA molecule which 
encodes the EcR polypeptide subunit of the M. persicae ecdysone receptor and 
amino acid sequence therefor. 

The amino acid sequence of the EcR polypeptide subunit of the M. persicae 
ecdysone receptor. 

The nucleotide sequence of the open reading frame of a cDNA molecule which 
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<400>12: 



<400>13: 



10 



<400>14: 



15 

<400>15 
<400>16 
<400>17; 
<400>18 
20 <400>19 
<400>20 



encodes the EcR partner protein (USP polypeptide) subunit of the M. persicae 

ecdysone receptor and/or which encodes the USP polypeptide subunit of the 

M. persicae juvenile hormone receptor, and amino acid sequence therefor. 

The amino acid sequence of the EcR partner protein (USP polypeptide) subunit 

of the M. persicae ecdysone receptor and/or the amino acid sequence of the 

USP polypeptide subunit of the M. persicae juvenile hormone receptor 

The nucleotide sequence of a 1 50 base-pair probe which is specific for genetic 

sequences encoding the EcR partner protein (USP polypeptide) subunit of L 

cupnna ecdysone receptor and/or the USP polypeptide subunit of the L. cuprina 

juvenile hormone receptor, and amino acid sequence therefor. 

The amino acid sequence encoded by the nucleotide sequence of <400>13 

comprising amino acid residues 108-149 of the EcR partner protein (USP 

polypeptide) subunit of the L. cupnna ecdysone receptor and/or amino acid 

residues 108-149 of the amino acid sequence of the USP polypeptide subunit 

of the L. cupnna juvenile hormone receptor set forth herein as <400>4. 

The nucleotide sequence of the degenerate primer Rdna3. 

The nucleotide sequence of the degenerate primer Rdna4. 

The nucleotide sequence of the primer Mdnal. 

The nucleotide sequence of the primer Mdna2. 

The nucleotide sequence of the primer AP1. 

The nucleotide sequence of the degenerate primer AP2. 



BRIEF DESCRIPTION OF THE DRAWINGS 
25 Figure , is a graphica, representation showing function of the EcR polypeptide subunit of the 
CUPnna eCdyS ° ne rece P tor » CHO cells were cotransfected with- 

(D one of the following expression p.asmids: pSGDmEcR, pSGL cEcR or the 
parental expression plasmid pSG5 as a control, at 1 ug/ml; 
(2) plasmid p(EcRE) r -CAT (1 ug/ml); and 
30 (3) an independent reporter plasmid . pPGKLacZ, at 1 ug/ml 

CAT expression was induced with Mu rist erone A at either 1 0 uM or 50 uM while contro, ce.ls 
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received only the carrier ethanol. ELISA kits were used to quantify the synthesis of CAT and 
P-galactosidase in extracts of cells forty eight hours after transfection. The level of CAT was 
normalized to the level of (J-galactosidase in the same extract. Fold-induction represents the 
normalized values for CAT gene expression in cells transfected with pSGDmEcR, pSGLcEcR 
5 or pSG5 in the presence of hormone, relative to the normalized values for CAT gene 
expression in cells transfected with the same plasmid. but in the absence of hormone. The 
average values of three independent experiments are shown and the error bars indicate 
standard error of the mean. 

10 Figure 2 is a copy of a graphical representation showing the activity of plasmid pSGLD and 
pSGDL, containing chimeric EcR polypeptide subunits of insect ecdysone receptors, 
produced as described in the Examples. Cotransfection assays were performed as described 
in the Examples using plasmids pSGLD and pSGDL and the CAT reporter plasmid p(EcRE) 7 
-CAT (1ug/ml) and an independent reporter, pPGKLacZ at 1 ug/ml each. CAT/b-Gal (%) 

15 refers to CAT reporter activity expressed as a percentage relative to P-galactosidase activity 
produced by the internal control reporter, pPGKLacZ. 

Figure 3 is a copy of a graphical representation showing the binding activity in extracts of Sf9 
and Sf21 cells containing a baculvirus expressing LcEcRDEF and LcUSPDEF, as described 
20 in the Examples. Control cells contained baculovirus expressing P-galactosidase and CAT 
only. 

Figure 4 is a graphical representation showing the ecdysteroid binding activities of an in vitro- 
translated Myzus persicee EcR (MpEcR) polypeptide, an in v/frc-translated Myzus persicae 
25 USP (MpUSP) polypeptide, and an in vffrotranslated complex of the M.persicae EcR and USP 
polypeptides. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One aspect of the present invention provides an isolated nucleic acid molecule comprising a 
30 nucleotide sequence which encodes or is complementary to a sequence which encodes a 
steroid receptor polypeptide or a juvenile hormone receptor polypeptide or a bioactive 
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derivative or analogue thereof, wherein said polypeptide: 

(i) is selected from the list comprising EcR polypeptide of a steroid receptor, the 
partner protein (USP polypeptide) of a steroid receptor and the USP polypeptide of a 
juvenile hormone receptor; and 
5 (ii) comprises an amino acid sequence that is at least 40% identical to any one of 

the amino acid sequences set forth in <400>2, <400>4, <400>6, <400>10, <400>12 
or<400>l4. 

Accordingly, the isolated nucleic acid molecu.e of the invention may comprise a fragment of 
10 a nucleot.de sequence encoding a full-length receptor polypeptide. 

It is to be understood that a •fragment" of a nucleotide sequence encoding an EcR po,y pep tide 
subunit of a steroid receptor or an EcR partner protein (USP polypeptide) of a steroid receptor 
or a USP polypeptide of a juvenile hormone receptor, refers to a nucleotide sequence 
1 5 encodmg a part or fragment of such a receptor which is capable of binding or associating with 
an .nsect steroid or an analogue thereof, or a candidate insecticida.ly active compound 
Fragments of a nucleotide sequence would genera.ly comprise in excess of twenty contiguous 
nudeotides derived from the base sequence and may encode one or more domains of a 
functional insect steroid receptor or juvenile hormone receptor 

20 

Preferably, the isolated nucleic acid macule of the invention encodes an ecdysteroid receptor 
polypepMe. Those skilled in the art are aware that ecdysteroid receptors derived from insects 
are heterod,meric receptors comprising an EcR polypeptide subunit and an EcR partner 
prote,n (USP polypeptide) (see also Jones and Sharp. 1997,. ,„ , his regard, the present 

25 .nventors have discovered that the USP polypeptide o, the insect ,uveni,e hormone receptor 
is structurally-identical to ,he EcR partner protein of the ecdysteroid receptor of the present 
invention, however juvenile hormone receptors comprise monomers or multimers of the USP 
polypeptide acting wtt,ou. the EcR polypeptide subunit mat is present In the ecdysteroid 
receptors. Accordingly, the present invention extends equally to nucleotide sequences 

30 encoding po.ypep.ides o, both the ecdysteroid receptors and po.ypeptides o, the juvenile 
hormone receptors of insects. 



1- 7 - 9 9 J 1 6 i 2 3 ; 

P;\OPnR\MftO\ECDYSONE.CIP- 1/7/99 



1612 



9 3 6 4 518 7 



# 22/124 



- 18- 



More preferably, ,he isolated nucleic acid molecule of ,he invent encodes an ecdysteroid 
receptor ,ha, is modulated by one or more o, ,he steroids ecdysone. ponasterone A or 
munsterone. or an analogue of an ecdysteroid. 

5 The Isolated nucleic add moiecule ofthe invention may be derived from any organism « 
con,a,ns steroid receptors tha, are responsive to ecdysteroids or ecdys,ero,d*e compounds 
or juvenile hormones, or analogues of such recep,or-,igand S . According the present 
•nventon ,s no, to be limited In any of its embodiments to the particular source of the sut^c, 
nucleic acid, or polypeptide encoded therefor. 

10 

Preferably the isolated nucleic acid molecule of me inverrfon is derived from insects 
he,m,r«hs (nematodes, cestodes. trematodes,. proton, and ants. amongst others. 

Wf. «he isolated nucteic add molec* of the invent is derived from an insect 
etected from the lis, compnsing dipto ra . hemiptora. coleoptera, neuroptera. lepitdoptera and 
ants, amongst others. M m „re prefer, the is01ated ^ ^ ^ « ^ 

,nven,,on ,s denved from aphHs, sde insects, ieaf hoppers, whito *. and blo^les such as 

sheep blowflies. 

20 Ltrr T on does no1 ex,end - amin ° •* — ™- - ~ ccr 

P0lypep.de subunK of the D. mefa^ecdysone receptor a, descnbed in W0 9 1,13,S7 
However, th* e,c,us,on is made on the understanding tha, the present invention does 
encompass Cleric genes and Won orceins «ch include ,he ft nudeotide 
ana ammo acid sequences, respectively. 

25 

in a particu,ahy preferred embodiment, me isolated nueieic acid moiecuie of ». presen, 
■nver, o„ . derh , ed ^ the aph , d „ ^ ^ ^ ^ 

blowfly, L cuprina. H 

30 Tne ecdysteroid receptor is preferably modulated by one or more of ,h. steroids ecdysone 
ponasterone A, or munsterone, or an analogue of an ecdysteroid. 
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As used herein, the term "analogue of an ecdysteroid" shall be taken to indicate any compound 
that binds to one or more polypeptide subunKs of an ecdysteroid receptor or the heterodimeric 
holoreceptor comprising same or alternatively or in addition, which binds to the USP 
polypeptide of a juvenile hormone receptor or alternatively or in addition, which binds to a 
5 bioactive derivative or analogue of said polypeptides or holoreceptor. The term "analogue of 
an ecdysteroid" shall further be taken to indicate any compound that modulates the bioactivity 
of one or more polypeptide subunits of an ecdysteroid receptor or the heterodimeric 
holoreceptor comprising same or alternatively or in addition, that modulates the bioactivity of 
the USP polypeptide of a juvenile hormone receptor or alternatively or in addition, that 
10 modulates the bioactivity of a bioactive derivative or analogue of said polypeptides or 
holoreceptor. 



The present invention is not to be limited in scope to the specific L. cuprina and M. persicae 
nucleotide and amino acid sequences set forth in the accompanying Sequence Listing and 
15 persons skilled in the art will readily be able to identify additional related sequences from other 
sources using art-recognised procedures, for example using nucleic acid hybridisation and/or 
polymerase chain reaction essentially as described by Ausubel ef al. (1 992) and/or McPherson 
ef al. (1 991 ) and/or Sambrook ef al . (1 989). 

20 Accordingly, the present invention clearly encompasses isolated nucleic acid molecules which 
encode or are complementary to isolated nucleic acid molecules which encode the subject 
EcR polypeptide of a steroid receptor or fragments thereof, and/or the subject EcR partner 
proteins (USP polypeptide) of a steroid receptor and/or the subject USP polypeptide of a 
juvenile hormone receptor, in addition to derivatives, fragments and analogues thereof which 

25 comprise amino acid sequences having at least 40% identity to the amino acid sequences set 
forth in any one of <400>2. <400>4, <400>6, <400>10, <400>12 or <400>14. 

The present invention clearly extends further to isolated nucleic acid molecules which encode 
or are complementary to isolated nucleic acid molecules which encode the subject EcR 
30 polypeptide of a steroid receptor or fragments thereof, and/or the subject EcR partner proteins 
(USP polypeptide) of a steroid receptor and/or the subject USP polypeptide of a juvenile 
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hormone receptor, in addition to derivatives, fragments and analogues thereof which comprise 
amino acid sequences having at least 40% identity to any one or more of the amino acid 
sequences encoded by the L. cuprina or M. persicae cDNAs contained in AGAL Accession 
Nos. NM99/04565, NM99/04566. NM99/04567, or NM99/04568. 

5 

For the purposes of nomenclature, plasmid pLcEcR contains the cDNA encoding the EcR 
polypeptide subunit of the Lucillia cuprina ecdysone receptor. This plasmid was deposited on 
1 July, 1999 with the Australian Government Analytical Laboratories at 1 Suakin Street, 
Pymble, New South Wales 2073. Australia under the provisions of the Budapest Treaty on the 
10 International Recognition of the Deposit of Microorganisms for the Purposes of Patent 
Procedure and accorded AGAL Accession No. NM99/04566. 

For the purposes of nomenclature, plasmid pLcUSP contains the cDNA encoding the EcR 
partner protein (USP polypeptide) subunit of the Luciliia cuprina ecdysone receptor and/or the 
15 USP polypeptide subunit of the L. cuprina juvenile hormone receptor. This plasmid was 
deposited on 1 July. 1999 with the Australian Government Analytical Laboratories at 1 Suakin 
Street. Pymble. New South Wales 2073, Australia under the provisions of the Budapest Treaty 
on the International Recognition of the Deposit of Microorganisms for the Purposes of Patent 
Procedure and accorded AGAL Accession No. NM99/04565. 

20 

For the purposes of nomenclature, plasmid pMpEcR contains the cDNA encoding the EcR 
polypeptide subunit of the Myzus persicae ecdysone receptor. This plasmid was deposited on 
1 July. 1999 with the Australian Government Analytical Laboratories at 1 Suakin Street 
Pymble. New South Wales 2073, Australia under the provisions of the Budapest Treaty on the 
25 international Recognition of the Deposit of Microorganisms for the Purposes of Patent 
Procedure and accorded AGAL Accession No. NM99/04567. 

For the purposes of nomenclature, plasmid pMpUSP contains the cDNA encoding the EcR 
partner protein (USP polypeptide) subunit of the Myzus persicae ecdysone receptor and/or the 
30 USP polypeptide subunit of the M. persicae juvenile hormone receptor. This plasmid was 
deposited on 1 July, 1999 with the Australian Government Analytical Laboratories at 1 Suakin 
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Street, Pymble, New South Wales 2073, Australia under the provisions of the Budapest Treaty 
on the international Recognition of the Deposit of Microorganisms for the Purposes of Patent 
Procedure and accorded AGAL Accession No. NM99/04568. 

5 The deposits referred to herein will be maintained under the Budapest Treaty on the 
Internationa. Recognition of the Deposit of Microorganisms for the Purposes of Patent 
Procedure. These deposits are provided merely for the purposes of exemplification and are 
not an admission that a deposit is requird under 35USC §112. A license may be required to 
make, use or sell the deposited materials or a polypeptide encoded by a cDNA thereof and no 
10 such license is hereby granted. It is to be understood however, that the deposits will become 
pubhcly available upon the grant of a patent pertaining to the instant disdosure in so far as that 
patent relates to the deposits referred to herein. 



Preferably, the percentage similarity to any one of <400>2. <400>4, <400>6 <400>10 
15 <400>12 or <400>14. or to a polypeptide encoded by a cDNA contained in any one of AGAL 
Accession Nos. NM99/04565, NM99/04566. NM99/04567, or NM99/04568 is at .east about 
60%. more preferabiy at least about 80%, even more preferably at least about 90%. 

In determining whether or not two amino acid sequences fall within these percentage limits 
20 those skilled in the art wil. be aware that it is necessary to conduct a side-by-side comparison 
or multiple alignment of sequences, m such comparisons or alignments, differences wil. arise 
■n the positioning of non-identical residues, depending upon the algorithm used to perform the 
ahgnment. In the present context, reference to a percentage identity or similarity between two 
or more amino acid sequences shall be taken to refer to the number of identical and similar 
25 residues respectively, between said sequences as determined using any standard a,gorithm 
known to those skilled in the art. For example, amino acid sequence identities or similarities 
may be calculated using the GAP programme and/or aligned using the PILEUP programme 
of the Computer Genetics Group, .nc, University Research Park, Madison, Wisconsin, United 
States of America (Devereaux af a/. 1984). The GAP programme utilizes the algorithm of 
30 Needleman and Wunsch (1970) to maximise the number of identical/similar residues a 
m.n.mise the number and/or length of sequence gaps in the alignment. Alternatively 



and to 
or in 
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addition, wherein more than two amino acid sequences are being compared, the ClustalW 
programme of Thompson et al (1994) is used. 



In an alternative embodiment, the isolated nucleic acid molecule of the invention encodes or 
5 is complementary to an isolated nucleic acid molecule which encodes a steroid receptor 
polypeptide or a fragment thereof, or a partner protein (USP) or a fragment thereof, which at 
least comprises an amino acid sequence which is substantially identical to any one of <400>2 
<=400>4, <400>6, <400>10, <400>1 2 or <400>14 or to the amino acid sequence of a 
polypeptide encoded by any one of the cDNAs contained in AGAL Accession Nos. 
10 NM99/04565, NM99/04566, NM99/04567, or NM99/04568. 

As used herein, the term "substantially identical" or similar term shall be taken to include any 
sequence which is at least about 95% identical and preferably at least 99% or 100% identical 
to a stated nucleotide sequence or amino acid sequence, including any homologue, analogue 
15 or denvative of said stated nucleotide sequence or amino acid sequence. 

Those skilled in the art will be aware that variants of the nucleotide sequences set forth in any 
oneof<400>1 or <400>3 or <400>5 or <400>7 or <400>8 or <400>9 or <400>1 1 or<400>13 
or variants of the cDNAs contained in any one of the deposited plasmids, which variants 
20 encode EcR polypeptides of insect steroid receptors or fragments thereof or EcR partner 
proteins (USP polypeptides) or fragments thereof, or USP polypeptides of insect juvenile 
hormone receptors, may be isolated by hybridization under low stringency conditions as 
exemplified herein. 

25 Such variants include any genomic sequences, cDNA sequences mRNA or other isolated 
nucle.c acd molecu.es derived from the nucleic acid molecules exemplified herein by the 
Sequence Listing. Additional variants are not excluded. 

In a particularly preferred embodiment of the invention, the variant nucleotide sequences 
30 encode a fragment of the EcR polypeptide of the insect steroid receptor or a fragment of the 
ECR partner protein (USP poiypeptide) of the insect steroid receptor or a fragment of the USP 
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polypeptide of the insect juvenile hormone receptor. 



Preferred fragments of the subject polypeptides include one or more regions or domains which 
are involved in the interaction or association between the monomeric polypeptide subunits of 
5 a multimeric receptor and/or which are involved in the interaction or association between (i) 
a cognate steroid or receptor ligand or c/s-acting DMA sequence; and (ii) said monomeric 
Polypeptide subunits or the receptor per se. .n a particu.arly preferred embodiment, the 
fragments comprise the DNA-binding domain, linker domain (domain D) or a part thereof, or 
l.gand-binding domain (eg. hormone-binding domain) of a steroid receptor polypeptide or 

10 juvenile hormone receptor polypeptide or receptor holoenzyme. As exemplified herein wherein 
biologica. activity of the L. cuprinz ecdysone receptor is required, it is preferably to include at 
least a hgand-binding region comprising the ligand-binding domain and at least a part of the 
Imker domain of the EcR polypeptide subunit, optionally in association with a ligand-binding 
region comprising at least the ligand-binding domain and at least a part of the linker domain 

15 of the EcR partner protein (USP polypeptide) subunit of said receptor. Additiona. fragments 
are not excluded. 



Homologues. analogues and derivatives of the nucleotide sequences exemplified herein may 
be .seated by hybridising same under at .east low stringency conditions and preferably under 
20 at least medium stringency conditions, to the nudeic acid mo.ecu.e set forth in any one of 
<400>1 or <400>3 or <400>5 or <400>7 or <400>8 or <400>9 or <400>1 1 or <400>13 or to 
a complementary strand thereof, or to the cDNAs contained in any one or more of the 
deposited P ,asmids. More preferab,y. the iso.ated nucleic acid molecu.e according to this 
aspect of the invention is capable of hybridising under at least high stringency conditions to 
25 the nucleic acid molecule set forth in any one of <400>1 or <400>3 or <400>5 or <400>7 or 
<400>8 or <400>9 or <400>1 1 or <400>13 or to a complementary strand thereof, or to the 
cDNAs contained in any one or more of the deposited plasmids. 

For the purposes of defining the level of stringency, a low stringency is defined herein as being 
30 a hybridisation and/or a wash carried out in 6xSSC buffer. 0. 1% (w/v) SOS at 28>C or 
alternative*, as exemplified herein. Generally, the stringency is increased by reducing the 
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concentration of SSC buffer, and/or increasing th. concent^on =, SDS and/or increase the 
temperature of ,he hybridisation a n d,or„ash. A medium stringency comprises a nyDndisation 
and/or a wash carried ou, in 0.2xSSC-2xSSC buffer, 0.1% <„/v) SDS a. «-C to 65-C whiie 
a h,gh stnngency comprises a hybridisation andtor a wash carted out in 0.1.SSC-0 ZxSSC 
5 buffer. 0.1% fwA,, SDS a, a temperature of a, ieast 8S-C. Conditions for hybridisations and 
washes are well understood by one normally skilted in the art. For the purposes of further 
clarification oniy. Terence to the parameters affecting hybridisation between nucleic add 
moiecutes is found in Ausube. a, a,. (1992). which is herein incorporated by reference. 

10 In an even more preferred embodiment of th. invention, a hybridising nucleic acid molecule 
further comprises a sequence of nucleotides which is at leas. 40% identical ,o at least 10 
contiguous nucleotides, preferably a, leas, 50 contiguous nucleohoes and more preferably a, 
least 100 contiguous nucleotides, derived from an, one of <400>1 or «00>3 or ~.00>5 or 

<400»7 or <400>8 or <400>9 or <40O>1 1 or <*nn,i •> 

, , , „ , or to 1 1 or <400>13 or a complementary strand thereof, or 

15 from a cDNA contained in any one or more of the deposited plasmids. 

■n determining whether or no, two nu d eo«ide sequences fai, within these percerrfage iimits 
.hose skiiled ,„ me art wil, be aware thati, is necessary to conduct a side-by-side comparison 
or muKple alignment of sequences. ,„ such comparisons or alignments, differences may arise 
« .he positioning of non,den«ca, ™sidues. depending upon the algorithm used to perform the 
alignment. ,n the present context, reference to a percentage identity between two or more 
nuaeotide sequences shall be t*en to refer to the number o, identical residues between said 
sequences as determined using any standard algorthm known to those skilled in the art For 

25 ™ nUC ' e0,,de S6qUenCeS ^ a " 9ned ^ ' helr MenWy «*— ^ 
KSTFIT programme or other app ra priate^^ 

Unrversit, Research Park. Madison. Wisconsin. United States of America (Devereaux ' e, a,.' 

30 tlTT embodimen ' nucleoMe se,uencas encodin9 EcR ><«° «*"* - 

.nsec. sterol receptors or fragments thereof andfcr EcR partner pnoteins (USP polypeptides, 
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receptor polypeptides, are amplified in the polymerase chain reaction. According to this 
embodiment, one or two or more nucleic acid "primer molecules" derived from a nucleotide 
sequence exemplified herein as <400>1 or <400>3 or <400>5 or <400>7 or <400>8 or <400>9 
or <400>1 1 or <400>13 or a complementary strand thereof, or from a cDNA contained in any 
5 one or more of the deposited plasmids, are annealed or hybridized to a nucleic acid "template 
molecule" which at least comprises a nucleotide sequence encoding a related genetic 
sequence or a functional part thereof, and nucleic acid molecule copies of the template 
molecule are amplified enzymatically using a thermostable DNA polymerase enzyme, such as 
7ao1 polymerase or Pfu polymerase, amongst others. 

10 

More particularly, one of the primer molecules comprises contiguous nucleotides derived from 
any one of <400>1 or <400>3 or <400>5 or <400>7 or <400>8 or <400>9 or <400>11 or 
<400»13, or alternatively, from a cDNA contained in any one or more of the deposited 
plasmids; and another of said primers comprises contiguous nucleotides complementary to 
15 <400>1 or <400>3 or <400>5 or <400>7 or <400>8 or <400>9 or <400>1 1 or <400>13, or 
alternatively, from a cDNA contained in any one or more of the deposited plasmids. subject 
to the proviso that the first and second primers are not complementary to each other. 

in a preferred embodiment, each nucleic acid primer molecule is at least 10 nucleotides in 
20 length, more preferably at least 20 nucleotides in length, even more preferably at least 30 
nucleotides in length, still more preferably at least 40 nucleotides in length and even still more 
preferably at least 50 nucleotides in length. 

Furthermore, the nucleic acid primer molecules consists of a combination of any of the 
25 nucleotides adenine, cytidine, guanine, thymidine, or inosine, or functional analogues or 
derivatives thereof which are at least capable of being incorporated into a polynucleotide 
molecule without having an inhibitory effect on the hybridisation of said primer to the template 
molecule in the environment in which it is used. 

30 Furthermore, one or both of the nucleic acid primer molecules may be contained in an 
aqueous mixture of other nucleic acid primer molecules, for example a mixture of degenerate 
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primer sequences which vary from each other by one or more nucleotide substitutions or 
deletions. Alternatively, one or both of the nucleic acid primer molecules may be in a 
substantially pure form. 



5 In a particularly preferred embodiment exemplified herein, two primer nucleotide sequences 
are used to amplify related sequences, said primers comprising the nucleotide seqeunces as 
set forth in any one of <400>15 to <400>20 inclusive. Even more preferably, the primers are 
used in the combination of (i)<400>15 and <400>16; or (ii) <400>17 and <400>18; or (Hi) 
<400>19 and <400>20. 

10 

The nucleic acid template molecule may be in a recombinant form, in a virus particle, insect 
cell, bacteriophage particle, yeast cell, animal cell, or a plant cell. Preferably, the nucleic acid 
template molecule is derived from an insect species. 

15 Those skilled in the art will be aware that there are many known variations of the basic 
polymerase chain reaction procedure. Such variations are discussed, for example in 
McPherson et a, (1991). The present invention extends to the use of all such variations in the 
isolation of variant insect steroid receptor-encoding genes or fragments thereof, and/or variant 
partner protein-encoding genes or fragments thereof to those exemplified herein. 



20 



The isolated nucleic acid molecule of the present invention, including those sequences 
exemplified herein and any variants thereof, may be cloned into a plasmid or bacteriophage 
molecule, for example to facilitate the preparation of primer molecules or hybridisation probes 
or for the production of recombinant gene products. Methods for the production of such 

25 recombinant plasmids. cosmids. bacteriophage molecules or other recombinant molecules are 
well-known to those of ordinary skill in the art and can be accomplished without undue 
experimentation. Accordingly, the invention further extends to any recombinant plasmid. 
bacteriophage, cosmid or other recombinant molecule comprising the nucleotide sequence set 
forth in any one of <400>1 or <400>3 or <400>5 or <400>7 or <400>8 or <400>9 or <400>1 1 

30 or <400>13 or <400>15 to <400>20. or a complementary sequence, homologue, analogue or 
derivative thereof, or a cDNA contained in any one or more of the deposited plasmids. 
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The nucleic acid molecule of the present invention is also useful for developing genetic 
constructs which comprise and preferably, express, the EcR polypeptide subunit of the insect 
steroid receptor and/or the EcR partner protein (USP polypeptide) of the steroid receptor 
and/or the USP polypeptide of the juvenile hormone receptor, thereby providing for the 
5 production of the recombinant polypeptides in isolated cells or transformed tissues. 

Accordingly. a further aspect of the present invention provides a genetic construct comprising 
the subject isolated nucleic acid molecule encoding the insect steroid receptor polypeptide or 
a juvenile hormone receptor polypeptide, operably linked to a promoter sequence. Preferably 
1 0 the subject nucleic acid molecule is in an expressible format, such that it is possible to produce 
a recombinant polypeptide therefrom. 

Reference herein to a "promoter" is to be taken in its broadest context and includes the 
transnational regulatory sequences of a c.assical genomic gene, including the TATA box 
15 wh,ch is required for accurate transcription initiation in a eukaryotic cell, with or without a 
CCAAT box sequence or alternatively, the Pribnow box required for accurate expression in 
prokaryotic cells. 

Promoters may be ce... tissue, organ or system specific, or may be non-specific Using 
20 specific promoters, the expression of a bioactive agent or other polypeptide encoded by a 
structura. gene to which the promoter is operably connected may be targeted to a desired 
cellular s,te. For example, in transgenic animals such as sheep, it can be envisaged that cells 
of the transgenic animal may contain a gene encoding a steroid receptor, preferably a steroid 
receptor linked to an epiderma. specific promoter and a separate gene encoding, for example 
25 ep,dermal growth factor (EOF) which is functionally , ir ,ked to one or more insect hormone 
response elements and may or may not also be linked to epidermal specific promoter 
e.ements. On administration of the appropriate insect steroid hormone to the transgenic 
an,mal, the activated complex between the insect steroid receptor and insect steroid may bind 
to the one or more insect steroid hormone response element thereby inducing EGF production 
30 sole.y in epiderma. cells which may give rise to defacing. It is to be understood that this 
aspect of the invention is independent of the degree of thermostabi.ity of the insect steroid 
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receptor The seme principal applies to expression of any bioective molecule or reporter 
molecule In a specific cei, type „ nicn „ by . transactivat , ng comp|ex 

steroid receptor complex end an appropriate insect steroid. 

5 in the present context, the term "promoter" is also used to describe a synthetic or fusion 
moiecule. or derivative which confers, aaiva.es or enhances expression in a cell in response 
to an externa, stimuius. Accordingly, the promoter may include further regulatory elements (i e 
upstream activating sequences, enhancers and silencers) which a«er gene expression in 
response to deveiopmenta, and,or externa, stimu,i. or in a tissue-specific manner. Preferred 
promoters may contain copies of one or more specif* reguiatory e,emen.s. in particular steroid 
responsive elements <SREs) or hormone-responsive elements (HREs), to further enhance 
expression and/or to alter the spatial expression and/or temporal expression pattern. 

Reference herein to the term "steroid response element" she,, be taKen to refers to one or 
more os-acting nuCeoflde sequence present in a nature-occurring or synmefc or 
recombinant gene the expression of which is regu,ated by an insect steroid, such as an 
ecdysteroid. for example ecdysone or ponasterone A. wherein said relation of expression 
results from an direct or Indirect interaction between a steroid receptor and said c/s-acting 
nuclide sequence response element Exemplary insect steroid hormone response etemente 
■ndude the ecdysone response dement hsp27 <EcRE, and any other nucleotide sequence 
•M. is capable of binding ecxiysteroid receptors or polypeptide subunifc thereof or fragment 
or analogs thereof (such as associated wHn E75. E74 or other Dr^Ms early genes, as 
descnbed for example by Riddihough and Pelham (1 987). 

25 For exampte. an SRE or a p,ura„ty of such elements may be operably linked to a promoter 
such as the polyhedron promoter. p,0 promoter. MMTV promoter or SV40 promoter to make 
ascription o, a structure, gene to which said promoter is operabT, connected responsive to 
me presence o, a steroid bend to the insect receptor (which may act as a transcription factor, 
One or more insect SREs may be ,oca,ed within a promote, and may replace sequences 
~m a seieced promoter which confer responsiveness to hormones or Cher agents which 
regulate promoter activity. Umere response elements ana dfleren. they may lead to 
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preferentia. binding of deferent insect steroids or anaicgues thereof such that a promoter may 

be differentially regulated. 

Particu.ariy preferred SREs according to this embodiment inc.ude, but are not .imited to the 
hs P 27 ecdysone response eiement described by Riddihougb and Peiham (1987) or the 13 
base-pair palindromic core contained therein. 

A promoter is usually, bu, no, necessarily, posifioned upsfream or of . structure, gene the 
expression of which , remates , Furtnemore ^ regu|atory e|emen(s a promo(er 

10 are usually positioned within 2 Kb of the ster, site of transcription of me gene. 

Placing a gene or isolated nucleic acid motecule operab,y under the control of a promoter 
sequence means posing said gene or isolated nucleic acid molecule such that 
expression is conned by the promoter sequence. Promoters are genera,,, positioned =• 
15 (upstream, to me genes tha, ,hey corrfro,. ,„ the consttuctton of hetero,ogous 
promoter/structure, gene combiners it is generally preferred to position the promoter a, a 
distance from me gene transcript™ star, site mat is approximate* the same as the distance 
te^een that promoter and me gene i, control in U nafcra, setting, i.e., me gene from which 
the promoter is derived. As is Known in the art. soma variation in mis distance can be 
accommodated wfthouHoss o, promoter fund,, Sim,,ariy. the preferred positioning o, a 
regulatory sequence element with respect to a heterologous gene to be p,aced under te 
contra, is defined by the posting of the eiemen, in its natural setting. i.e.. me genesfrom 
wh,ch „ is derived. Again, as is Known in lh e art, some variation in this distance can also 



occur 

25 



T*=se s i,,ed in me art *„ recognise ma, me choice of promoter wi„ depend upon ,he nature 
of he « be,ng , ransformed and wne „ ^ , on fe requ|red Furthemorei t fe ^ 

1 r r? romoter sequence used ,n ,he expressi ° n *W 

30regl; e, ° f ~- Uired ---~-ntended,obeoons tM ve 
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For expression in eukaryotic cells, the genetic construct generally comprises, in addition to the 
nucleic acid molecule of the invention, a promoter and optionally other regulatory sequences 
designed to facilitate expression of said nucleic acid molecule. The promoter may be derived 
from a genomic clone which normally encodes the expressed protein or alternatively it may 
5 be a heterologous promoter derived from another genetic source. Promoter sequences 
suitable for expression of genes in eukaryotic cells are well-known in the art. 

Suitable promoters for use in eukaryotic expression vectors include those capable of regulating 
expression in mammalian cells, insect cells such as Sf9 or Sf21 . (Spodoptera frugiperda) cells 

10 yeast cells and p lant cells. Preferred promoters for expression in eukaryotic cells include the 
P10 promoter, MMTV promoter, polyhedron promote, the SV40 early promoter and the 
cytomegalovirus (CMV- IE) promoter, promoters derived from immunoglobu.in-producing ceNs 
(see. United States Patent No 4.663.281 ). polyoma virus promoters, and the LTR from various 
retrov.ruses (such as murine leukemia virus, murine or Rous sarcoma virus and HIV), amongst 

15 others ( See, Enhancer, and Eukaryotic Gene Expression, Cold Spring Harbor Press New 
York. 1983. which is incorporated herein by reference,. Examples of other expression control 
sequences are enhancers or promoters derived from viruses, such as SV40, Adenovirus. 
Bovine Papilloma Virus, and the like. 

20 Wherein the expression vector is intended for the production of recombinant protein the 
promoter is further selected such that it is capable of relating expression in a ce.. which is 
capable of performing any post-translationa. modification to the polypeptide which may be 
requ,red for the subject recombinant polypeptide to be functional, such as N-linked 
glycosylate. Cells suitable for such purposes may be readily determined by those skilled in 

25 the art. By way of exemplification. Chinese hamster ovary (CHO, cells may be employed to 
carry out the N-terminal glycosylate and signal sequence deavage of a recombinant 
polypeptide produced therein. Alternatively, a baculovirus expression vector such as the 
pFastBac vector supplied by GibcoBRL may be used to express recombinant polypeptides in 
Sf9 (Spodoptera frugiperda) cells, following standard protocols. 

30 

Numerous expression vectors suitable for the present purpose have been described and are 
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read.ly avertable. The expression vector may be based upon the P cDNA3 vector distributed by 

Medos Company Pty Ltd, Victoria. Australia, which comprises the CMV promoter and BGH 

term.nator sequences for regulating expression of the recombinant polypeptide of the invention 

-n a eukaryotic cel.. when isolated nucleic acid sequences encoding same are inserted in the 

5 sense orientation relative to the CMV promoter, into the m U .tiple Coning site of said vector 

Alternatively, the SG5 expression vector of Greene et al . (1988) , supplied by stratagene „ 

the pQE series of vectors supplied by Qiagen are particularly useful for such purposes as 
exemplified herein. 



£1 

% 4 



10 Examp.es of eukaryotic cells contemp,ated herein to be suitable for expression include 
mammahan, yeast, insect, plant cells or ceil lines such as COS. VERO. HeLa, mouse C127 
Ch.nese hamster ovary (CHO). WI-38. baby hamster kidney (BHK), MDCK, sf 2 1 (insect) or 
Sf9 (rnsect) cell lines. Such cell lines are readily available to those skilled in the art. 

15 The prerequisite for expression in prokaryotic cells such as EsOencMa co// is the use of a 
strong promoter with an effective ribosome binding site. Typical promoters suitable for 
expression in bacterial celis such as £. co//inc.ude. but are not limited to, the lacz promoter 
temperature-sensitive A, or ^ promoters, T7 promoter or the IPTG-inducible tea promoter A 
number of other vector systems for expressing the nucleic acid mo.ecu.e of the invention in 
*co// are well-known in the art and are described for example in Ausubel et a/ (1992). 

Numerous vectors having suitable promoter sequences for expression in bacteria have been 
descnbed, such as for exam P .e, P KC30 (A.iShimatake and Rosenberg, 1981), pKK173-3 (fac 
Amann and Brosius. 1985), pET-3 (T7: Studier and Moffat, 1986) or the pQE series of 
25 expression vectors (Qiagen, CA), amongst others. 

Suitable prokaryotic cells include corynebacterium. salmonella, EsCericMa co,, Bac,„us sp 
and Pseudomonas sp. amongst others. Bacterial strains which are suitable for the present 
purpose are well-known in the relevant art (Ausubel et al, 1992). 



30 



The genetic constructs described herein may fcrther comprise genetic sequences 
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corresponding to a bacterial origin of replication and/or a selectable marker gene such as an 
ant.b.ofc-resistance gene, suitable for the maintenance and relation of said genetic 
construct in a prokaryotic or eukaryotic ce.l, tissue or organism. Such sequences are w e „- 
known in the art. 

5 

Selectab.e marker genes include genes which when expressed are capable of conferring 
res,stance on a ce„ to a compound which would, absent expression of said selectable marker 
gene, prevent or slow eel, proliferation or resu«t in cell death. Preferred selectable marker 
genes contemplated herein indude. but are not iimited to antibiotic-resistance genes such as 
1 0 those conferring resistance to ampicii.in, C.aforan. gentamycin, G41 8, hygromycin, rifampin 
kanamyen. neomycin, spectinomycin. tetracycline or a derivative or related compound thereof 
or any other compound which may be toxic to a cell. 

The origin of replication or a selectab.e marker gene will be spatially-separated from those 
15 genetic sequences which encode the recombinant receptor po.ypeptide or fusion po.ypeptide 

comprising same. 

Preferably, the genetic constructs of the invention, including any expression vectors are 
caper* of introduction into, and expression in. an ,„ vtfro ce.1 cuiture, or for Introduce into 
20 wrfh orwithout integration into^e genome of a cultured cell, cell h. and/or transgenic animal.' 

In e particular!, preferred embodiment, the expression vector is selected mom me group 
consisting of: pUEcR (AGAL Accession No. NM99/04566); pLcUSP (AGAL Accession No 

^^):PMpEcR ( A G ALAccessronNo.N M99ra 4 S67);andpM p US p (AGALAcress|or ; 

25 No. NM99/04S68.). 

A further aspect of the invention provides a cell comprising the subject isolated nucleic acid 
mo,ecu,e which encodes a steroid receptor poiypepfide or a Juvenile hormone receptor 
polypeptide. 



30 



As used herein, the word "ceir shall be taken to refer to a single cell, or a ce„ rysate. or a 
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tissue, organ or whole organism comprising same, including a tissue, organ or whole organism 
comprising a clonal group of cells or a heterogenous mixture of cell types, which may be a 
prokaryotic or eukaryotic cell as described supra. 



5 In a preferred embodiment, the cell of the present invention expresses the isolated 
recombinant polypeptide encoded by the nucleic acid molecule. 



or 



In a preferred embodiment, the cel. expresses a steroid receptor polypeptide or a fragment 
thereof which receptor is capable of binding to an insect steroid or analogue thereof or a 

10 candidate insecticldal.y active agent to form an activated complex, and comprises a nucleic 
ac,d sequence encoding a bioactive molecule or a reporter mo.ecu.e operably linked to one 
or more .nsect steroid response elements which on binding of the said activated complex 
promotes transcription of the nucleic acid sequence, wherein said cell on exposure to insect 
stero.d or an analogue thereof, regulates expression of said bioactive molecule or allows 

1 5 detection of said reporter molecule. 



To produce the cells of ,he indention, host cells are transfeeted or co-transfected or 
transformed with nucleotide sequences containing the DNA segments of Merest (for example 
the ,nsect steroid receptor gene, the recombinant steroid response eiements, or both) by well- 

20 Known methods, which vary depending on the type o, celluiar host. For example, calcium 
chlonde transfection is commonly utilized for prokaryotic cells, whereas llpofection or calcium 
Phosphate treatment are often used for other cellular hosts. See, generally, SambrooK ef a/ 
(1989); Ausube, efe,. (,992); and Potty** (1990), other transformation techniques include 
electroporation, DEAE-dextran. microprojectite bombardment, lipofection. microinjection and 

25 others. 



As used herein, the term "transformed cell" i s meant to also include the progeny of a 
transformed cell. 

30 ,n a further aspect of mis Invenfcm. mere is provided an animal (such as a mamma, or InseC, 
microorganism. p.ant or aquatic organism, containing one or more cells as mentioned above 



1 - 7-99 ; 1 6 : 23 ; 

l*:\0PER\MRO\ECDY5ONE.CJf> - \ni99 



; bi 2 



9 3 6 4 518 7 



# 38/124 



-34- 



r*1 

In 



Reference to plants, microorganisms and aquatic organisms includes any such organisms. 

In this embodiment of the invention, it is to be appreciated that administration of an insect 
stood or an analogue thereof to an organism will induce expression of the desired bioactive 
5 molecule, such as a polypeptide, with attendant advantages. For example, an induced protein 
may have a therapeutic effect ameliorating a disease state or preventing susceptibility to 
drsease or may modify in some way the phenotype of an organism to produce a desired effect 
In humans, for examp.e. cel. transplants (such as liver cells) may under the action of insect 
stercds, produce desirable hormones such as insulin, growth hormone, growth factors and the 
10 like. 

A further aspect of the invention provides a recombinant or isolated polypeptide comprising 
a stared receptor polypeptide or JuvenHe hormone receptor polypeptide derived from an insect 
or a b.oactive derivative or analogue thereof, wherein said polypeptide: 
15 (i) is selected from the list comprising EcR polypeptide of a steroid receptor the 

partner protein (USP polypeptide) of a steroid receptor and the USP polypeptide of a 
juvenile hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to any one of 
the amino acid sequences set forth in <400>2. <400>4, <400>6, <400>10. <400>1 2 

20 or<400>l4; 

wherein said polypeptide is substantially free of naturally-associated insect cel. components. 

In an alternative embodiment, the recombinant or isolated polypeptide comprising a steroid 
receptor polypeptide or juveni.e hormone receptor polypeptide derived from an insect or a 
25 bioactive derivative or analogue thereof, wherein said polypeptide: 

(i) is selected from the list comprising EcR polypeptide of a steroid receptor the 
Partner protein (USP polypeptide) of a steroid receptor and the USP polypeptide of a 
juvenile hormone receptor; and 

(ii) comprises an amino acid sequence that is at least 40% identical to an amino 
acd sequence encoded by the cDNA present in any one of the piasmids deposited 
under AGAL Accession No. NM99/04565, NM99/04566. NM99/04567. or NM99/04568- 
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wherein said polypepbde is substantia free of naturally-associated insect cell components. 

Reference herein to "substantia,,,, free of naturally associated insect ce,l components" refers 
to a. teas. 80% punt,, preferably more than 90% parity, and more preferably more than 95% 
punty. Normally, purity is measured on a polyac^lamlde gel with homogeneity determined by 
sta,n,ng of protein bonds. Alternatively, high resolution may be necessary using HPLC o, 
s,m,lar means. For most purposes, a simple chromatography column or polyac^lamide gel 
may be used to determine punty. A protein which is chemicaUy synthesized or synthesized 
,n a cel, system different from an insect cell from which i, naturaUy originates would be free of 
10 naturally-associated insect cell components. 

The present invention clearly provides for the isolation of EcR polypeptide subunlts and EcR 
partner protein (USP polypeptide) subunits of ecdysteroid receptors and USP polypeptides o, 
,uven,,e hormone receptors, from various organisms Che class fnsecra. as described 
15 m addition to protozoa and helminth sources. 

Insect steroid receptor are characterized by functional ligand-binding domains and DMA- 
bmd,ng domains, both o, which interact to effect a change in the regulatory state of a gene 
operably linked to the DNA-binding sKe of the holoreceptor or a polypeptkte or polypeptide 
20 .gmen, thereof. Thus, msec, steroid receptors seem to be ligand-respcnsfce transcript 
actors. Additionally, insect steroid receptors generally contain a DNA-binding domain 
(Domain C). and a ligand-binding domain (Domain E), separated and flanked by additional 
domains a, identified by Krus, e, a, (1986,. The C domain preferably comprises a z.nc-finger 
DNA-b,nd,n 9 domain which is usually hydropic, having high cysteine, lysine and arginine 
content. The E domain preferably comprises hydrophobic amino acid residues and is further 
characterized by regions E1 , E2 and E3. The llgand-binding domain of the members of the 
insect steroid receptor superfamily is typically carboxyl-proximal, relative to a DNA-binding 
domain (Evans. 198 8>. The . rtire ,ig and . bindi ^ domain „ ^ ^ ^ ^ 

2=0 amino acids bu, Is potently shorter. This domain has the subclone o, high homology, 
30 designated the E1 , E2 and E3 regions - which may be collectively referred to as the "E region- 
Am,,*, acid residues proximal to th. C domain comprise a region initially defined as separate 
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A and B domains. Region D separates the more conserved domains C and E. Region D 
typically has a hydrophilic region whose predicted secondary structure is rich in turns and coils. 
The F region is carboxy promixal to the E region (see, Krust et al, supra). 

5 The receptor polypeptides of the present invention exhibit at least a ligand-binding domain, as 
characterised by sequence homology to regions E1, E2 and E3. The ligand-binding domains 
of the present invention are typically characterized by having significant homology in sequence 
and structure to these three regions. Fragments of insect steroid receptors and partner 
proteins capable of binding insect steroids, and candidate insecticidally active compounds 
10 comprise an E-region or a sufficient portion of the E-region to allow binding. 

Preferably, the recombinant or isolated EcR polypeptide subunit of the insect steroid receptor 
or EcR partner protein (USP polypeptide) subunit of the steroid receptor or USP polypeptide 
of the juvenile hormone receptor as described herein is thermostable 

15 

By "thermostable" is meant that a stated integer does not exhibit reduced activity at bacterial, 
Plant or animal physiological temperatures above about 28»C or above about 30"C The 
thermostabiNty of insect steroid hormone receptors also refers to the capacity of such 
receptors to bind to ligand-binding domains or regions and/or to transactivate genes linked to 
20 .nsect steroid hormone response e.ements at bacterial, plant or animal physiological 
temperatures above about 28°C or above about 30°C. 

The present invention clearly extends to variants of said polypeptides, as described supra The 
Polypeptide may be substantially free of naturally associated insect cel. components or may 
25 be ,n comb.nation with a partner protein which associates with the insect steroid receptor so 
as to confer enhanced affinity for insect steroid response elements, enhanced affinity for insect 
steroids or analogues thereof. For Examp.e, the amino acid sequences exempted herein may 
be vaned by the deletion, substitution or insertion of one or more amino acids. 

30 In one embodiment, amino acids of a polypeptide exemplified herein may be replaced by other 
am.no acids having similar properties, for example hydrophobic^, hydrophilicity, hydrophobic 
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mornent, charge or antigenicity, and so on. 



Q 



Substitutions encompass amino acid alterations in which an amino acid of the base 
polypeptide is replaced with a different naturally-occurring or a non-conventional amino acid 
5 rescue. Such substitutions may be classified as "conservative", in which case an amino acid 
res,due contained in the base polypeptide is replaced with another naturally-occurring amino 
aad of similar character, for example Gly~Ala, Val~lle~Leu. Asp~Glu, Lys^Arg, Asn~Gln 
or Phe<->Trp*-*Tyr. 

10 Substitutions encompassed by the present invention may also be "non-conservative" in which 
an am,no acid residue which is present in the base polypeptide is substituted with an amino 
-ad hav.ng different properties, such as a naturally-occurring amino acid from a different group 
(eg. substituted a charged or hydrophobic amino acid with alanine), or alternatively, in which 

^ a naturally-occurring amino acid is substituted with a non-conventiona. amino acid. 

Those sMUed in the art will be aware that several means are avai.ab.e for producing variants 
of the exemplified EcR pdypeptide subunit of the insect steroid receptor or EcR partner protein 
CUSP po.ypeptide) subunit of the steroid receptor or USP polypeptide of the Juvenile hormone 
receptor, when provided with the nucleotide sequence of the nucleic acid molecule which 
20 encodes said polypeptide, for example site-directed mutagenesis of DNA and polymerase 
cha,n reaction utilising mutagenised oligonucleotide primers, amongst others. 

Such polypeptide variants which are capable of binding insect steroids clearly form part of the 
present invention. Assays to determine such binding may be carried out according to 

25 procedures well known in the art. 

One such variant polypeptide encompassed by the present invention comprises an "in-frame" 
fus,on polypeptide between different regions of different insect receptor polypeptides As 
e*emp.rf,ed herein, me present inventors have discovered that, by producing synthetic genes 
,0 ,n which venous domains of a base insect steroid receptor-encoding nucleotide sequence 
denved from a firs, source are interchanged or substituted w«h simUar sequences derived from 
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a second source (referred to as "domain swapping"), it is possible to modify the bioactivity of 
the insect steroid receptor encoded therefor. For example, the biological activity of the EcR 
polypeptide of the L. cuprina or M. persicae ecdysone receptor exemplified herein may be 
modulated by replacing portions of its C-terminal or N-terminal sequences with the equivalent 
5 domains from the EcR polypeptide of the D. melanogaster ecdysone receptor or alternatively, 
by swapping regions of the EcR polypeptides of the L. cuprina and M. persicae ecdysone 
receptors per se. 



As a further refinement, such changes in biological function can similarly be effected by making 
10 specific changes (e.g. addition, substitution or deletion) to only those amino-acids within each 
domain that are critical for determining the relevant catalytic function (eg. ligand-binding 
activity, DNA binding site affinity, etc), such as by site-directed mutagenesis. 

According to this embodiemtn, there is provided a synthetic EcR polypeptide subunit of a 
1 5 steroid receptor, and/or a synthetic EcR partner protein (USP polypeptide) subunit of a steroid 
receptor, and/or a synthetic USP polypeptide of a juvenile hormone receptor, or an analogue 
or derive of said synthetic polypeptides, wherein said synthetic polypeptides comprise an 
amino acid sequence which has the following properties: 

(i) it differs in amino acid sequence or exhibits different biological properties to a 
20 naturally-occurring EcR polypeptide subunit of a steroid receptor, and/or a naturally- 
occurring EcR partner protein (USP polypeptide) subunit of a steroid receptor, and/or 
a naturally-occurring USP polypeptide of a juvenile hormone receptor; 

(ii) it comprises a first sequence of amino acids which are at least about 40% identical 
to a part of any one of <400>2, <400>4, <400>6, <400>10, <400»12 or <400>14, or 

25 at least about 40% identical to a part of an amin oa cid sequence encoded by any one 

of the deposited plasmids, linked covalently to a second sequence of amino acids 
derived from an EcR polypeptide subunit of a steroid receptor. EcR partner protein 
(USP polypeptide) subunit of a steroid receptor, or USP polypeptide of a juvenile 
hormone receptor, wherein said first and second sequences are derived from different 

30 genomic sources. 



1 - 7-99 ; 1 6 : 23 



; S 1 2 93645187 



# 43/124 



P:\OPER\MRO\ECDYSONEXIP - 1/7/99 



39- 



Preferably, the first sequence of amino acids is derived from the EcR polypeptide subunit of 
a steroid receptor, more preferably from the EcR polypeptide of the L. cuprina or M, persicae 
ecdysone receptor, and even more preferably from the the EcR polypeptide of the L cuprina 
ecdysone receptor. 

5 

In one embodiment, the synthetic EcR polypeptide subunit of a steroid receptor, and/or a 
synthetic EcR partner protein (USP polypeptide) subunit of a steroid receptor, and/or a 
synthetic USP polypeptide of a juvenile hormone receptor comprises a fusion polypeptide in 
which the ligand-binding regions of any one of <400>2, <400>4, <40O6, <400>10, <400>12 
10 or <400>14 are replaced, in-frame, by the ligand-binding region of a different receptor 
polypeptide. 



In a particularly preferred embodiment, 5'-end of the open reading frame of a first nucleotide 
sequence, encoding the N-terminal portion of the EcR polypeptide of a first ecdysteroid 
15 receptor to the end of the DNA-binding domain of said polypeptide, is fused in-frame, to the 
3'-end of the open reading frame of a second nucleotide sequence, encoding the C-terminal 
portion of the EcR polypeptide of a second ecdysteroid receptor, from the D domain and 
hormone-binding domain to the carboxyl terminus. 

20 Accordingly, the present invention extends to any variants of the insect receptor polypeptides 
referred to herein and genetic sequences encoding same, wherein said variants are derived 
from a receptor polypeptide a 8 described herein and exhibit demonstrable ligand-binding 
activity, and either comprises an amino acid sequence which differs from a naturally-occurring 
receptor polypeptide, or exhibit biological activity. 

25 

As with other aspects of the invention, the variants described herein may be produced as 
recombinant polypeptides or in transgenic organisms, once the subject synthetic genes are 
introduced into a suitable host cell and expressed therein. 



30 in an alternative embodiment, the recombinant receptor polypeptide of the invention is 
produced as an "in-frame" fusion polypeptide with a second polypeptide, for example a 
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detectable reporter polypeptide such as 3-galactosidase, P-glucuronidase. ludferase or other 
enzyme, or a FUVG peptide, hapten peptide such as a poly-lysine or poly-hlstidine or other 
polypeptide molecule, 

5 By WW means , h a, , nudeot)de Mquence Mh . ch enMdes a ^ po|>pep|i<ie b p|acM 
(,e. Coned or llgated, in the same open reading frame adjacent to a nudeotide sequence 
which encodes a second polypeptide with no intervening stop oodons there between such that 
when the ligated nucleic acid molecule is expressed, a singie fusion polypeptide is produced 
wh,ch comprises a sequence of amino acids corresponding to the summation of the individual 
10 ammo acid sequences of the first and second polypeptides. 

in order to produce a fusion polypeptide, the nucleic acid molecule which encodes the 
polypeptide of the invention, or an anatogue or derivative thereof, is Coned adjacent to a 
second nucleic acid molecule encoding the second polypeptide, optionally separated by a 
spacer nudeic add module which encodes one or more amino adds (eg: polyene or poly 
h'SMne, amongst others), such that the M coding region and the second coding region are 
■> the same open reading frame, wKh no intervening stop oodons between the two coding 
re 9 .cns. When translated, the polypepdde thus produced comprises a fusion be*«een the 
polype^e produce of the first and second coding regions. Wherein a spacer nucleic add 
20 molecule is utilised in the genetic construe, „ may be desirable for said spacer to a, leas, 
onoode an amino acid sequence which is CeavaHe ,o assist in separation of ,„. fused 
polypeptide products of the fin* and second coding regions, for exampie a thrombin deavage 



25 A genetic construe, which encodes a Won polypeptide further comprises a. leas, one .star, 
«*n and one stop codon. capable of being recognised by me cell's transanal machinery 



in which expression is intended. 



Preferably, a genetic construct which encodes a Won poiypepUde may be further modified 
to ,ndude a genetic sequence which encodes a targeting slgna, piaced in-frame ™«h the 
coding region o, the nucleotide sequence encoding the fusion polypeptide, to target the 



P:\OPER\MRO\ECDYSONB.Cir- 1/7/99 




41 



expressed recombinant polypeptide to the extraocular matrix or other cel. compartment. More 
preferably, the genetic sequence encoding targeting signa. is placed in-frame at the 5'- 
term.nus or the 3<-terminu Sl but most preferabiy at the S'-terminus, of the coding region of the 
nucleot.de sequence which encodes the fusion polypeptide 

5 

Method, for the production of , fusion polypeptide are weii-known to those . Wed in the art. 

^^''^'"bunitcf^esteroidreceptororUSPpol^deof^eiuvenileho^one 
10 receptor may be purged Py standard techniques, such as coiumn chromatography (us,n g 
vanous matnces which interact with the protein products, such as ion exchange matrices 
hydrophobic matrices and the like,, affinity chromatography urging antibodies specific for the 
prote,n or other Uganda such as dyes or Insect steroids which bind to the protein. 

15 V^rein the recombinant poiypepBde is expressed as a fusion polypeptide, » is also possible 
to punfy me fusion polypepflde based upon its propels (eg size, soluble charge etc, 
Mernativeiy. the fcsion peptide may be puh«ed based upon the proves of the no^ 
receptor moiety of said fusion polypeptide, for example substrate affinity. Once puriiied the 

^ fus,on potypeptide may ^ cleaved ,„ ^ ^ ^ ^ ■ 

Alternately, proteins may be synmesized by steward protein syndic techniques as are we,, 

known in the art. 



m a preferred embodiment, the recombinant or isolated polypnea of the invention are 
proved as a precipitate or c„sta„i„d by standard techniques, preferabiy for X-ray c^sta, 
structure determination. 

The three-dimensional structure of the poiy^de of the invention or a nonreceptor 
compns.ng same or a fragment of said polypeptide or hCoreceptor is particularly usefu, for 
30 ,den„«y,„g candidate insec^a, agents which mimic Uganda tha, bind to said three- 
d lm ens,ona, structure and,or modulate the ability o, insect steroids to bind thereto and acBvate 
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the receptor (see, for example, Von Itzstein ef a/., 1993; and Bugg ef a/., 1993). 

According to this embodiment, the EcR polypeptides of the invention or ligand binding domains 
thereof, or their complexes with EcR partner proteins or Hgand binding domains thereof which 
5 confer enhanced affinity for insect steroid response elements or partner proteins (USP 
polyoepfdes) or ligands, are particularly useful to mode, the three-dimensional structure of 
the receptor ligand-binding region. In this manner, insecticidal compounds may be produced 
wh,ch b,nd to, or otherwise interact with, the ligand-binding region of the receptor and/or 
preferably interfere with ,igand binding. In the same way, compounds may be developed which 
10 have a potentiated interaction with the insect steroid receptor over and above that of the 
Physiological insect steroid which binds to the receptor. 

Accordingly, . sti „ further aspect of the jnvention g ^ rf ^ ^ ^ 

insecticidally-active agent comprising the steps of: 
15 a) expressing a USP polypeptide of a juvenile hormone receptor or a fragment 

thereof which includes the ligand-binding region, optionally in association with an EcR 
polypeptide of a steroid receptor or ligand binding domain thereof, and optiona.ly in 
assocation with an insect steroid or analogue thereof, so as to form a complex; 
b) purifying or precipitating the complex; 

20 c) determining the three-dimensional structure of the ligand binding domain of the 

complex; and 

d> identifying compounds which bind to or associate with the threeKiimensional 
struaure of the Hgand binding domain, wherein said compounds represent candidate 



25 



insecticidally-active agents. 



Standard procedures are used to determine the three dimensional structure of the receptor 
resonance analysis (see. for example, Bugg el a/.. 1993; Von Itsteln ef a/.. 1993). 

30 Insecfcidally-active agent, contemned herein include synthetic chemicals tha, mimic one 
or more ligands of the holoreoeptor or its polypeptide subunit. crth. ligand-bindir* region of 
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sa.d holoreceptor or subunit. thereby modulating binding of steroids to said nonreceptor or 
subun,t. Preferred insecticida.ly-active agents inc.ude bisacylhydraanes, iridoid glycosides or 
other non-steroidal mediators of ecdysteroid receptors or insect Juvenile hormone receptors 
Additionally, because the EcR partner protein (USP polypeptide) subunits of insect steroid 
5 receptors, and the USP poiypeptides of insect Juvenile hormone receptors, bind insect Juvenile 
hormones, a sesquiterpene,* group of ligands that regulate developmental transitions in 
-nsects (see Jones and Sharp,1997), compounds which interfere with the binding of Juveni.e 
hormone are also candidate insecticides. 

1 0 A further aspect of the present inventlon p™^ . method „ # ^ ^ 

steroid recep.or.media.ed gene expression or insect juvenile hormone recep.or-medla.ed gene 

expression comprising: 

0) assaying the expression of a reporter gene in the presence of a recombinant 
or .solated insect steroid receptor polypeptide or a juvenile hormone receptor 
polypeptrde of the invention and a potential modulator; and 

(iO assaying the expression of a reporter gene in the presence of a recombinant 
or .seated insect steroid reC e ptor polypeptide or a juvenj|e 
polypeptide of the invention and without said potential modulator; and 
(ii) comparing expression of the reporter gene in the presence of the potential 
modulator to the expression of a reporter gene in the absence of the potenUa. 
modulator, 

w*re,n said reportergene is piaoed opera* under^e oon.ro, o, a steroid response element 
(SRE, ,o wh,eh said insect steroid receptor binds or a promoter se q u.nce conning said 

25 

in the present art*, a "modulator is a compound or moiecuie tha, agonises or antagcises 
.he b,„d,n g properties and/or biological ac.My of , receptor polypeptide or heforeceptor 
Prefers modulators according to .his embodiment Include those synthetic compounds that 
ere su,table for use as insecUcidally-active agents described supra 

The reporter gene may be any gene, the expression of which may be monitored or assayed 



20 
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read,ly. Preferably, the reporter gene is a structural gene that encodes a peptide, polypeptide 
or enzyme that is assayed readily by enzymic or immunological means, for example the P - 
galactosidase. glucuronidase, ludferase or chloramphenicol acetyltransferase (CAT) genes 
Alternatively, the reporter gene may be a gene which encodes an immunologically-detectable 
5 protem, for example a FL*G peptide, poly-lysine peptide or poly-histidine peptide. 

Standard methods are used to assay the expression of the reporter gene. 

This embodiment of the invention may be applied directly to the identification of potentia. 

10 .nsecticida.ly-active compounds or alternatively, modified for such purposes by assaying for 
the bl nd,ng (direct or indirect) of the recombinant or isolated insect steroid receptor 
po.ypept,de or a juvenite hormone receptor polypeptide of the invention to a steroid response 
element (SRE), rather than by assaying for reporter gene expression. According to this 
alternative embodiment, the binding assayed in the presence or absence of a potential 

15 msecticidally-active compound is compared, wherein a difference in the .eve. of binding 
.nd.cates that the candidate compound possesses potential insecticide, activity. 

In addition, substances may be screened for insecticida. activity by assessing their abi.ity to 
b,nd. ,n vivo or in vitro, to the intact ecdysone receptor or a.ternative.y. the .igand-binding 
20 regions of the EcR polypeptide subunit of the ecdysone receptor (eg. <400>2 and/or <400>6 
and/or <400>1 0) and/or the EcR partner protein ( USP pdypeptide) of the ecdysone receptor 
(eg. <400>4 and/or <400>1 2 and/or <400>14). Competition assays invoking the native insect 
steroid may be employed to assess insecticidal activity. 

25 The performance of this embodiment may, for example, involve binding the insect steroid 
receptor po.ypeptide to a support such as a P ,ura.ity of polymeric pins, whereafter the 
Pdypeptide resident on the p.ura.ity of pins is brought into contact wrth candidate insecticidal 
molecules for screening. The mo,ecu.es being screened may be isoto P ica..y la be..ed so as to 
perm* ready detection of binding. Ah™**, reporter mdecules may be utilized which bind 

30 to the insect steroid receptor candidate mo.ecu,e complex. A.ternative.y. compounds for 
screen-ng may be bound to a so.id support, such as a plurality of pins which are then reacted 
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with the thermostable insect steroid receptor or complex with a partner protein. Binding may 
for example, be determined again by isotopic-labe.ling of the receptor, or by antibody detection 
or use of another reporting agent. 

5 in an active embodiment. InsecfadaBy-active agent are identified using rational drug 
des,g„. by excreting a USP pof^fid. of a juvenile hormone receptor or a fragment thereof 
wh,eh incudes the ligand-binding region, optional!, ,n association with an EcR polypeptide of 
a steroid receptor or ligand binding domain thereof, and optional in association wW, an insect 
stero,d or anatogue thereof, so as to form a complex, determining the three^imensional 
structure of the ligand binding domain of the compiex, and identifying compounds which bind 
to or associate with the three-dimensional sfructure of the iigand binding domain, wherein said 
compounds represent candidate insecticidally-active agents. 

The memoes described herein for identifying moduiators of gen. expression and insecticide, 
compounds, may be performed using prokaryotlc or eukaryoflc ce„s, cel, lysates or aqueous 
solutions. 

A further aspect of this invention accordingly relates to synthetic compounds derived from the 
three d,mensional structure of EcR polypeptides and/or EcR partner protein (USP polypeptide) 
20 subunits of insect steroid receptors, or fragments thereof, or insec, steroid receptors or 
foments thereof, or USP pofypepfldes of insect iuveniie homnone receptors or fragments 
thereof, wh,ch compounds are capable of binding to said receptors which have the effects of 
either .needing (he receptee (ar* thus actng as antagonists) or potentiating the activBy of 
the receptor. 



25 



By "derived from" i, is mean, that the compounds are based on the three dimension,, structure 
of the afcrementioned proteins, tha, is, synthesfced to bind, associate or interfere with insect 
steroid binding or juvenile hormone binding. 

30 The compounds may bind strongly or irreversibly to the ligand binding site or another region 
of the receptor or USP and act as agonist, or antagonists of ins«t steroids, or Juvenile 
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hormone binding, or otherwise interfere with the binding of ligand, such that ecdysteroid 
juven.le hormones. Such compounds would have potent insecticide, activity given the key role 
of -nsect steroids, or juvenile hormone, in insect physiology and biochemistry Such 
compounds would also possess a unique specificity. 



This invention is also described with reference to the following non-iimiting examples. 

EXAMPLE 1 

10 Construction of , prasmid (P S V ««cR) expressing the EcR poiypepUde subunK of 

the D. melanogaster ecdysone receptor 

A 3110 base-pair Fsp1-H,ndl,l fragment was excised from a cDNA encoding the EcR 
polypeptide subuni, of the a mefeno^ ecdysone receptor <Koe»e et a/.,^,,, the exceed 

.5 sequence comprising the compiete 2634 base pair coding region and 214 base pairs o,S-- 
leader sequence and 258 base pairs of 3- un.ransfc.ed sequence. The fragmen, was iigated 
into .he BamH , si«e of .he expression piasmid P SG5 (Greene e, a,. 1 98 8) ,o produce .he 
expression piasmid pSV40-EcR, wherein expression of the EcR polypeptide subuni, of .he 
Drosc**, me/ancsa^ ecdysone receptor is ptaced operably under the con.ro, of ,he SV40 

20 promoter sequence. 



EXAMPLE 2 

Construction of the reporter piasmid p<EcRE),.CAT 

25 The reporter piesmid p(EcRE) r CAT was constructed by insertion of seven copies of the hsp27 
ecdysone response etemen., conteining a cenfra, 1 3 base pair paiindromic ecdysone response 
element (EcRE), derived from the hsp 2 7 gene (RHdlhough and Peiham. 1987) Wo the Hindi,, 
ate Che piasmid pMMTV-CAT (Hoitenberg and Evans. ,988). 93 base pairs upstream offhe 
transcript star, site o„he MMTV promoter, thereby operably connecting expression of the 
cNoramp^nicolacetyltransferase structure, gene to reguMon by an insect receptor which 
binds to the hsp27 ecdysone response element. 
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EXAMPLE 3 
Cell Culture and Transient Transfection 

Chinese hamster ovary (CHO) cells were maintained in 50% <v/V) Dubbecco's modified Eagle's 
5 medium (DMEM) and SDH (Wv, Hamm F12 nu«e* mixture (GlBCO > supplemented w«b 10% 
(*V> foe.a, bovine serum. Transfection was oarried out by .he DNA-calcium phosphate =o- 
precipitation method (Ausube, e, a , 1992 , one day before transaction « the piasmids 
descnbed in Examples 1 and/or 2 , or other expression piasmids. CHO celis were piated ou, 
a.5-8x10 ^P^ecmdiametercu.uredishintheabov.DMEM/F^medium Three 
.0 hours before the add«on of the DNA-caicium phosphate co-precipWe. the cells were washed 

2 ~,K U,fere<i Sa " ne <PBS; Sambro ° k 19891 " -»* *« «« *- 
10* WW) foeta, bovine senjm. The cells were incubated in .he presence of .he co-preci P ,.a«e 

for e,ghteen hours before excess DNA was removed by washing w«h PBS. The ceils were 

men cuKured for another day in DMEM/F12 supplemented wim 10% m foefc, bo,,,,. serum 

15 wrfh or w,<hout added ponasterone A (PNA), before hanging. Celis were washed wim P BS 

meChanfca ' SCraPinS °' 25 " T,fe " HCI <PH 7 * ^ * *~ ^ 

Alltransfections included, in add«on to expression and reporter piasmids. a ^alaCosidase- 
20 e press,ng piasmid designated pP g K-LacZ (McBurney e, a,, 199 i,. which 5eroed as ,„ 
interna, control for me efficiency of transaction, and pUC, 8 DNA in an amount sutfclen, to 
produce 1 0 ug total DNA per culture dish. 

Th, chloramphenicol acyftransferase (CAT) and r^aladosidase actfvlties encoded by .he 
3/ (1989). ce, b .ha. were co*a nsfec ted w*h p(EcR EV CAT and pSV40-EcR dearly showed 

l«eTr U *' " ^ * ™' — • 50 Con.ro,s showed 

negligible activity. 

30 we have obsenred .a. the ecdysone receptor can lead ,o stimu^on of expression from an 
«dysone response promoter in some cell ,ypes. for example in CHO cells, bu. no. in CV-1 
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ce,,s. Whiis, no, bein, bound „„ any ^ „ mode rf ^ ^ 

spec* dilution o, a, ,eas, one o»er ,ran S cr,p«on factor esse,* for ecdysone 
responses, To determine =.„ ,y pes suitab , e for expressin9 rapor(9r ^ ^ 
con.ro, of ,he steroid reoeptor „ f , he present invention, the celi-type specify „, ecdysone- 
responsive gene exp^sion is assayed in ce».free transcript „sa,e S derived from severe, 
~ ,,nes. Ad dl6 ona„y. by fract^o and/or ^ ^ m ^ ^ rf ■ 
•ha, express the repc«er genes and supplementing lysa.es derfced from non-expressing cei, 
nes „»n such „u d ear protein fracaons c isoiated chains, any essentia, auxiliary factors are 
^nedandthegenesencc^ingthemctoned. Confection o, the receptor-^coding genes 

e^rr" 9 such "* y — ~ — - -*» — 

ecaysone responsiveness. 



EXAMPLE 4 

15 Testing the Effect of temperature on transient expression 

To determine whether the D. me^stsr ecdysone receptor P o, y p e p t i de „ stable at 
Physiological temperatures above about 30°C CHO «... ♦ , 

ExamolP * «. , transfected » described in 

example 3, with the p asmid DSV40-FrR a «w «,„ 

,n „ the rep ° rter plasnr,id P(EcRE) 7 -CAT in the 

20 presence of PNA, at 30«C and 37«C. 

Briefly, CHO cells were plated out at 37 »r *~ «. * 

C s,xteen t0 n °urs before transfection After 

washing awaytneONV, the cel. were ctured for two hours in fresh medium J?JZ 

^------^-P^se.. Onesetwascuituredforano^r;: 

37 C^oreh^ngforCATand^aiaCosidaseassays. The other set was cultured for 

d-,nd*,on of gene expression regulated by ,he D. n.e^.r ecdysone receptor 
PCypept^e a, 37-c. compared ,o the fo,d,nduc,on a, 30-c. as shown in lie i . 

30 
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EXAMPLE 5 

Att * mP ' ed Sereeni " 9 " L - "•"-»■= ™A iibrary ,o isoiate gene, encoding 

the Ecr polypeptide subunlt of the t. euprfra ecdysone receptor 

5 A 627 bp Eco - Kp„ , fragment encompassing the DNA-binding domain of the EcR poiypeptKe 
3ubun, of the a metorrogasfer ecdysone receptor was isoiated. radioactive,, iaceiied and 

bvcIfTT" ' CUP '"' 3 96n0m,C (Prepared 
by CSIRO. d MS „n of Enfomoiogy. Canberra. Austria,. (n „. fe , ^ of s 

four regions of the p,ates showed potentu,, pos«ve hybridization to the O. meWasfer probe 
10 However, second-round screening of these 2< f,rs, round positive plaques failed to vieid any 
piaque g,ving a reproducible pcsitfce slgna, when hybridized to the O. ^/ar-ogasfer probe 



TABLE 1 



15 



pSV40-£ C R 
(pg/dish) 


PNA 

(MM) 


Fold-induct/on of 
expression 






37*C 


3Q*C 


2.5 


20 
100 


14X 
59X 


3SX 
54X 


0.5 


20 
100 


8X 
47X 


26X 
33X 


" 1 


20 
100 


1.6X 
9.0X 


25X 
39X 







20 

EXAMPLE 6 

Cloning and characterization of a cDNA molecule encoding 
the EcR polypeptide of the L. cuprina ecdysone receptor 

25 Bationale f or amolificatinn r r^ f r 

The nucteo.de sequences of the primers Rdna3 <400>, 5 , and Rd na4 M 00> 1e , were derived 
from acjd sequence conMived ^ ^ ONA-binding domains o, the EcR 

POlypept.de subuni* of the D. me^asfe, and C. ,er, (an5 ecdysone receptors. However 
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amino acid sequels homologous .o two other members of the steroid receptor euperfamiiy 
of D. ™*»»*r, Dmsaphila hormone receptor 3 (DHR3; Koelle. e, a, 1991) and 
Ore*** ear,, gene (E75; Segraves and Hogness. 1990, were excluded from the primer 
de»gns. to reduce the poss«y of ampiifying the L homologues o, genes encoding 

5 DHR3 and/or E75 by PCR. 

Amplification pri^o ^ and Prp ^ ^^^ 

A 105 base pair DNA fragment, encoding the DNA-binding domain of the EcR po , ypeptide 
subunit of the L. ou P ^ ecdysone recepto, was am p,tfed from the L. cupnns genome by 
10 PCR, by using the following degenerate primers: 

Rdna3 (32mer with EcoRI site): 

^GG^TTCCGCCTCTOGrrACC^CA^TA^AA^GC 3- ( i.e. «0O, 5) ; end 
Rdna4 (32merwith BamHI site): 

.5 ='-CGCGGATCCG,A,CACTCCTGACACTTTCG ( C/T,CTCA3. (,.e. ~,0u>, S) . 

Amotion reasons employed Tec, DNA polymerase (Promega, and the fo„o*ng 
amplification conditions: 

cycle 1: g/.c/s minutes so „ c no|d; ^ po|ymerase 
20 cycles 2-3: 72"C/3 minutes, 94°C/1 minute, 50-C/1 minute; 
cycles 4-43: 72-C/3 minutes, 94°C//1 minute, 55°C/1 minute; 
cycle 44: 72°C/1 0 minutes. 

To facile Coning of the amplfled fragments tor us. as hybridisation probes, the , end of 
The ampt.fled cpr™ ge„ e 1ragmm „ wre ^ intopB , uescfipt ^ ^ 

us,ng the enzymes E coR, and BamHi. purmca«on of the digested DNA by agarose go, 
electrophoresis and electro elution of the product band. 

30 Hybridisatio n or°h» pupajntj-n 

For probe preparation, the insert was cut out of the oBlu..™w <ur ^ - 

ou< 01 Ine PBluescnpt SK+ vector using EcoRI and 
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BamHI, and .^ belted using ^ G1QAp ^ DNA Ubefcg ^ 

were raptor „*h the ^ primers Rdna3 and ^ ^ ^ 

was removed by size exclusion chromatography over Biogel-P60 ( Bi „ rad U d, Sydney 
5 Austral/a). The probe was used at 10 « cpm/m, in hybridizations. 

C°"?lrMCtion anrl ^rreeninn nf ( 7lf p rin a r n|UA [ j bxrriTir 

Two independent ,.c Up *acDNA»brar,es derived from iate third instar L cprfna larvae were 

.o 7ZT IT" primin9 and °'^ T Primin9 respec,ive,y ' ^ *- * - ~ 

of^d^vector^ne). The primary libraries generated were subsequently 
amplmed according to the manufacturer's instructs, using standard protocol 

Both cDNA iibranes generated are superior to existing ,. ,i b raries in terms o, their 

I o„ g o-dT pnmed iibrary comprised 4.7 x fc, pfu. whiis, the amp,«ed o,i g o-dT primed libra" 
compnse 7 , , , 0 ,. ^ „. ^ J» 

the ampMed random-primed library comprised 3.4 x 10" pfu/ml. ' 

20 d^ CDNA " brarieS ~" ^ ^ " n9 50 °' 000 *— *«" -* "brary in 

Z« " ProdUC6d - ■*« «-=3 an! 

Rdn 4 (sae above , In parser, hybridisations were performed for twenty four hours at 37"C 
. hybndisation solution comprising 42% ,w M formamide; s x SSPE solufron; 5 x Denhardfs 

solution; and 0.1% („ M sodium dodecyl sutohate a S d.^rth^ ... 
25 n«m . .« « <*"=)« Mpnate. as descnbed essentially by Ausubelef si 

»Zn T 8 ' " <1989) - ^ *" — - *™ in 2XSSC 

nrr <wM *** ^ -** ~*» 

by autoradiography, using XOMAT-AR f,,m fKodax, for two to three days, at 



30 Two posKve-hybridising plaoues were obtained from screening o, the random-primed (Ibrary 
<=on,a,n,ng c DNA inserts comprising 5S1 base pairs and ,S0O base pairs in iength 
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respectively), and one positive-hybridising plaque was obtained from the screening of the 
oligo-dT primed library (containing a cDNA insert comprising approximately 3400 base pairs 
in length). pBluescript phagemids containing cDNA inserts were excised in vivo from these 
positive plaques using the Exassist Helper Phage system (Stratagene). 



The nucleotide sequences of the isolated cDNA clones were obtained using the USB 
Sequenase Version 2.5 Kit. Sequence data obtained indicated that the 561 bp and 1600 bp 
cDNAs encode amino acid sequences comprising the important DNA-binding domain and the 
hormone-binding domain of the EcR polypeptide subunit of the L. cuprina ecdysone receptor, 

10 whilst the 3400 bp cDNA comprises an entire 2274 bp open reading frame encoding the EcR 
polypeptide subunit of the L. cuprina ecdysone receptor. Accordingly, the 3400 bp cDNA is 
a full-length cDNA clone. The nucleotide sequence of the open reading frame and 3'- 
untranslated region is set forth herein as <400> 1. The derived amino acid sequence of the 
EcR polypeptide subunit of the L. cuprina ecdysone receptor encoded by this open reading 

15 frame is set out in <;400> 2. 



\0 



EXAMPLE 7 

First attempt at cloning and characterization of a cDNA molecule encoding 
20 the Ec R polypeptide of the M. persicae ecdysone receptor 

Direct screening of a M. persicae cDNA library was not effective in isolating a full-length cDNA 
encoding the EcR polypeptide of the M. persicae ecdysone receptor. 

25 DNA encoding the DNA-binding domain of the EcR polypeptide of the M. persicae ecdysone 
receptor was isolated successfully, by amplification as described in Example 6 for the 
amplification of the homologous L cuprina fragment. The amplified DNA was cloned into 
pBluescript SK+ and the nucleotide sequence of the cloned insert was obtained using the USB 
Sequenase version 2.0 Kit, as described in Example 6. 

30 

Based upon the nucleotide sequence of the amplified DNA fragment, two authentic primers 
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were synthesized as follows: 



Mdnal (23mer): 5'- GCCTCGGGGTATCACTATAACGC -3' (i.e. <400>17) and 
^ Mdna2 (23mer): 5'- GCACTCCTGACACTTTCGTCTCA -3' (i.e. <400>18).' 

Hvbridisatian proho prep^frn 

For M. persicae probe preparation, the amplified 105 bp DNA insert was excised from the 
pBluescnpt SK + vector using EcoRl and BamHI, and -P-labelled using the GIGApnme DNA 
LabeHing Kit (BresaGen Limited, Adeiaide. Australia) essential.y according to the 
10 manufacturer instructions, except that random primers were repiaced with the specific 
pnmers Mdnal and Mdna2 (see above). Unincorporated ,abe, was removed by size exdusion 
chromatography over Bio geI -P 60 (8iorad Ltd> Syd „ ey Austra|ja) ^ ^ ^ ^ ^ ^ 
cpm/ml in hybridizations. 

15 Construction and scr.™^ ^ H mre ^„ ^n. iff — r— ir— r- 

Two irxiependen. „. librartes derived , rqm |ate th . d imrtar m 

we* M by random priming and Coo^r priming respeaively. and Coned into the £ coR, 
ate of ft. vector (Stratagene). The primary , lbra „e S generated were 

^ subseouently ampMed according to the m,nufa«ure,s Mn^ons. us ln9 standard protocol 

Both CDNA tones generated are superior to ex is «„g M p srafcae Varies ln , emK ^ 
Phage t,tre S .e. ^ and lnser1 sizes (Q 5 . 4 kbp h ^ ^ ^ ^ 

oiigo^T-primed ,,b,ary comprised , x 10 , plu , whi , 5t , he ^ 

25 amplrfied random-primed library comprised a x 10" pfu/ml. 

Additional*. a fcrther cdna Bbrary was produced in ,he Lambda ZAP Express insertion vector 
(Stratagene,. To produce this iibrary. cDNA derived from lata third instar *t pe^/cae larvae 

bo ZT ared b/ °* a °'* T primin9 " - doned *"*"■* into ***** «»— — 

DNA. The primary Hbrary comprised, x 10-pfc. whiistthe amp,if,ed o,igo« T primed iibrary 
compnsed 1x10' p,u/ml. with insert sizes in the range 0.5 - »4 kbp. 
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The random^ed K perscee cDNA phage libra* was soeened as de5crited in 
6, u 8 ,ng the M. persicae hybridisation probe prepared as described above. 

A single positive-hybndising pteque was isolated and sequenced according «o standard 
Procedures. The nudeotide sequence of this Cone isse, forth herein as <400> S This cDNA 

TtTT 3 S85tP P ""™ di " 9 — — - DNA-binding domain 

of a EcR poiypep^ of a pu*. « persfcTO receptor The 

encoded by this partial cDNA clone is set forth herein as <400> 6 



10 



EXAMPLE 8 

Second attempt at Coning and characterisation of a cDNA moiecuie encoding 
the EcR polypeptide of the M. persicae ecdysone receptor 

15 Hybridisation pr 9 h» V r- rnrn ^ 

™her h yb „disa»on probes specie for the EcR polypeptKe 0 , me M. persfcae ecdysone 

pnmars AP, and AP2. The forward primer AP, was designed ,0 annea, t o nuLd 
designed to annea, to „u«eo M e sequences Momenta* ,0 those encoding an EcR ,i S and 

25 PrfmerAP,: 5'- TCGTCCGGTTACCATTACAACGC -3' <«00>19,;and 

P-imerAP* 5'- TAGACCTTrGGC(A/G)AA(C/TYrC(A/G/C/T)ACAAT -3'(«400>20) 

ThoToh r! 0 " mb,,Ure COntt ™ d « " " — "™ (" P^MD. S p, 
phosphate m„ <2m M >. , pi of aphid digo dT primed Lambda ZAP,, cDNA library , p, o, 
30 r^cmb,nan, «, DNA Polymerase * uni,s,p, stratagene*,. 5 pi of 10x I Z 
(Strategy and 30 p, of MitilQ water. The «, polymerase was used in this reaction 
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!zr trr* proo '" rBad,n9 " m * reduces - — * -*~p— , 

55 C, extension at 72X and melting at 94°C. 

S major amnion ^ ^ in th , ^ _ 

into the Smal site of pUCl8. 

9 ene ra ,e non . 01 , eriapping probes * 

lament compns.ng a nucleotide sequence soecific for a 
MrtM „ . -=Hu«snce specific for a region encod ng the DNA- 

, " <ECR ^ ' ^ ^ Whi ' St "* a ^ 

:z p r a , n r ,ide ^ ha * 9 ^ 10 * — - • — 

.5 re l, r ' E 7 * ^ * ^one- bMna domain, 

present in the EcR polypeptide of the insect eedysone receptors (EcR probe 2, <40O 8). 

TZT 1 T ^ 2 "~ '^^ W ' th ' a -" P)dATP *> * — » catalysed by 

United ^ """^ 3 ™ « 
United Adela.de, Austria), except lha , „, ^ ^ 

20 ^eotaes synced to he complementary ,o the ends o, EcR prohe , and E eR 

Screening " f " rrr~>icaa r^pM/v nh nr ir-r 

480,000 plaques from the oligo dT primed Lambda Zap Express cDNA lib™ ,p , 
25 were screened as described above using EcR probe ^ th library (Example 7) 

nna]ti , 9 CR probe V 1,1,8 a PProach yielded about 300 

post, .ones. Pos,Whybrtd,si„ g Cones were pocted and Greened seperateiy uslno e c r 

the EcR poiypeptae of the « pe rafc ae eedysone receptor. T*e „ ud eo,,de seouence of 
30 open reading frame of this cDNA is se, forth herein as <400> 9 The derived I ! 

seouence of the EcR poiypeptide subunl, of the M « Jsone 

iw. persicae eedysone receptor encoded by 
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this open reading frame is set out in <400> 10. 

EXAMPLE 9 

In vivo function of recombinant EcR polypeptides of the 

5 

L. cuprina ecdysone receptor 

Constnjrfinn ? f pl^^niifl pFI 

Plasmid P F3 was constructed in four steps as follows: 

First, plasmid P 5S1. comprising the fulNength cDNA encoding the EcR polypeptide of the L 
ou P nn a ecdysone receptor , was digested with « and . 3 . ^ cDNA fragment ^ 
generated, encoding the C-termina. end of the EcR polypeptide of the L. cu prina ecdysone 
receptor, was endued and sub-c.oned into the Hind,, site of pUC19. to construct p.asmid 
PEAR , n p,asmid pEAR, the , end of the cDNA w as oriented towards the Kpn. site of the 
pUC1 9 vector. 

15 

Second, plasmid P 5S1 was also digested separately with: 

(1 ) Apo\ and Pstl , to isolate the 5' end of the cDNA as a 1 7 q hn fr 

na OT ine CUNA as a 1 79 bp fragment (fragment A); 

(2) Psfl and Spel. to isolate a 1650 bp cDNA fragment (fragment B) : and 

(3) Spel and flg/||. to i5olate a 203 bp fragment (fragment Q) 



20 



™rd, piasmid pE^ was digested ^ ^ and ^ to a , ^ ^ ^ ^ ^ 

fragment therein as a 313 bp fragment (fragment D). 

Fourth, D NA A , B , c and D ^ ^ ^ by ^ 

toed together into p B ,uescrip,SK + . which had been digested with ^coR, and to 

produce plasmid pF3. ' 

Pfcsmid P F3 thus contains f„e oompiete open reading frame ofthe cDNA encoding the EcR 

30 rrrr **• L cuphna ecdysone ~ * * 2368 * >— » - 

oamHl sites. 
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Examples: 

15 



Construction of olasmirt pspy ^ cR and p| „„ 0 

Plasmid pSGLcEcR was constructed by Coning the 2368 bp SarnHI fragment from pF3 into 
the SamHI site of the mammalian expression vector pSGS (Stratagene). Plasmid pLcKS is a 
clone of pSGLcEcR. 

5 

Construction p'« — niri pSftnmc ;R 

Plasmid PSGDmEcR is identical to plasmid pSV40-EcR (Example „ comprising the EcR 
polypeptide of the D. me/anogasfer ecdysone receptor pieced operabiy under control of the 
SV40 promoter. 

10 

*D Transfeetin n of CMn ^n e 

i CH ° ^ «* a mixture comprising the following DMAs, lysed and 

™s'° r ^ ^ a ' aCteSWaSe «"»"" ^ - «"« preceding 

(D one of the expression plasmids designated pSGDmEcR, or pSGUEcR or the 
parental expression plasmid pSGS as a negative control, at a concentration of , ug/ml; 
and 

(2) the CAT reporter plasmid p(EcRE) s CAT at a concentration of 1 pg/ml- and 

(3) an independent LacZ reporter plasmid. pPGKLacZ. „ a concentration of 1ug/ml 
20 ,„cluded as a control to monitor transfection efficiency. 

CAT reporter gene expression was induced with 10 pM or 50 M M Muristerone A. In contro, 
samples, cells received only the carrier ethanol in place of Muristerone A. 

25 7 ^ '° ^ Synthe5lS °' enzymes, in extra* 

25 of cells forty eight hours after transfer. Account was taKen o, the variation between 
experiments, by normalizing the level of CAT enzyme to the level of 0-galactosidase enzyme 
present in the same extract. Fold induction represents the normalized vaiues for CAT gene 
expression in cells transfer w*h pSGDmEcR, pSGLcEcR or pSGS in the presence of 
hormone divided by the normailzed values for CAT gene expression in cells transfer with 
30 the same piasmid bu, in the absence of hormone. The average vaiues o, three independent 
experiments are shown in Rgure i and ,h. error bars indicate s^ard error of the mean 
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Date shewn in fgure 1 indicate fta, ,he EcR polypeptide of the mprina ecdysone receph)r 
from Example 3 is biologic* active * „*o. CAT inducta i, observed a. boft so mM and ,0 
pm stero* (Muristerone A), wift about 30 and 15 foid induction respectively, in view of fte ,n 
»o ac«y o, ,he EcR polypeptide of fte L eup„>,a ecdysone receptor obtained according 
to this protocol potential insecticide, substance, acting by interaction with an insec, steroid 

~ reCeph * are s "~"* * «*»«« of the substances to the *, 

wvo assay descnoed herein. Substances are added in an amour, from 0.05 p M ,o ,00 * 
Candidate insect,, compounds are identified by their abiiity ,o modulate ft. reporter gene 
expression which resuits from translation by the EcR poiypeptide of ft. L cuprina 

10 ecdysone receptor. p 

EXAMPLE 10 

Chimeric EcR polypeptides of insect ecdysone receptors 
Ch,me,c ecdysone receptors cording regfcns de„ved from EcR polypeptides of ecdysone 
» -P'-^^n,spe d .s,r.p ro ducedand MS ayed fo re„hanceda^. in a parked 
of the D. me/ar^e, „. perafcae and L cuf>rjna 

In one exemption of this embodiment, plasmids pSGLD and pSGDL are produced 
20 compnsing coding regions dertved from the EcR pdypeptides of fte a „,e,a„and L 
^ ecdysone receptors, in piasmid pSGLD. fte 5„nd of fte open reading frame of the 
a ^consequence, encoding the N-terminal person of fte EcR poiypeptide of fte D 

25 rTl 7 ^ " ^ ^ * - L "«*» — — T < e c! 

and hormone-b,nd,n g domain ft fte carboxy, terminus, in piasmid pSGDL. the 5, e „d of the 
own reading frame of fte L. cuprln, sequence, encode the N-,er m ,„ al portion of fte EcR 

30 seance, encoding fte Ctermina, portion ofthe EcR poiypeptide ofthe O. me J gBster 
ecdysone receptor, from the D domain and hormone-blnding domain to fte carboxy, terminus 
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These plasmids thus encode chimeric EcR polypeptides which form ecdysone receptor 
variants. 

As shown in Figure 2, chimeric EcR polypeptides of L. cuprina and D. meianogaster ecdysone 
5 receptors, comprising fusion polypeptides between the DNA-binding domains and hormone- 
binding domains of the base L. cuprina and D. meiancgaster polypeptides, exhibit bioactivity 
when measured in the CAT assay described above. Significant bioactivity of the chimeric EcR 
Pdypeptides encoded by plasmids pSGLD and pSGDL, comparable to the bioactivity of the 
D. meiancgaster^ EcR polypeptide, is observed at both 10 uM and 50 uM concentrations 
10 of Muristerone A. 



EXAMPLE 11 

Isolation and characterisation of a full-length cDNA encoding the EcR partner 
protein (USP polypeptide) of the L. cuprina ecdysone receptor 

1 5 The EcR partner protein (USP polypeptide) subunit of the L. cuprina ecdysone receptor also 
functions alone as a USP polypeptide of the L. cuprina juvenile hormone receptor A cDNA 
encoding both receptor polypeptide activities was isolated using PGR and hybridisation as 
follows. 

20 Hybridisation probe preparation 

A 150 base-pair probe, specific for genetic sequences encoding the EcR partner protein (USP 
polypeptide) subunit of insect ecdysone receptors and/or the USP polypeptide subunit of 
-nsect juvenile hormone receptors «400>13). was isolated by PGR from L cuprina genomic 
DNA US) ng the degenerate primers described by Tzertzinis et a/. (1994). The PGR reaction 

25 conditions were as described in Example 6, except that Pfu po.ymerase was used in place of 
Taq\ polymerase. 

The amplified DNA fragment was sub-cloned into EcoR, and C/ al double^igested pBluescnpt 
SK+ vector (Stratagene), after double-digestion of the fragment using the enzymes EcoRI and 
30 C/a,, purification of the amplrfied fragment by agarose ge. electrophoresis, and electro e.ution 
of the product band. The nucleotide sequence of the probe was obtained using the USB 
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Sequenase version 2.0 Kit ( <400> 13). 



For probe preparation, the ampMed L cu P n n * DNA fraomen, „as excised from the vector 

5 Z r Sa "' PUrWed " d " P "' ate " ed U!i " 9 G,GA *«™ DNA Ubeiiin, Kit 

Ade ' aide ' ^ aeM * 8 * «" — ™* 

fl^^.^ unincorporated ^, wmmui 

"7" r r0ma, ° 9raPh ' ° Ver Bi08e '- P60 «— Sydney, Australia,. The probe was 
usedat10» cpm , rn | lnhybridizat|l)ns prooewas 

10 

Scrcnlnn I f|m ft„ cD Na lihf,^. 

The ^ s CDNA iibrary deschbed above (Exa mp ,e q was screened vrfth *. amplified 

t„ r d in Exampie s The nudeo,ide - - °- 

13 J and <400> 4, respectively. 



EXAMPLE 12 

and characterisation - , r— cONA encode , h . EcR par^r protein 
(USP polypeptide*,, the M. pe ra/c „ „*„,„„„ 

Inc^T T"" Pr0te ' n <USP PO " PeP,id<!) SUbUnit « *» M «=dy«ne receptor aiso 

Tzerf, ■ , „/ ' 9 ' W ° **»»«<• primers described by 

P ' ^ PreCed ' n9 ^ PCR ~*" — = 

descnbed ,„ B.rnpie 6 , except that p01ymerase _ ^ ^ ^ ^ ^ 

30 ^™^**-"«--**--* .coR, andCaidoubie^ested pBiuescdp, 
aal.p U „ fi ca,,ono, t hear„p 1 ,ed f raa m en.b»a S arose 9 e l e te *opho ra s i s,ande,ectroeM i on 
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of the product band 



The nucleotide sequence of the insert in the pBluescript SK+ vector was obtained using 
automated fluorescent dye terminator sequencing (SUPAMAC, Sydney Australia). 

Hybridisation prone preparation anri ||h" n/ screening 

For probe preparation the amplified M. persicae DNA insert was cut out of the pBluescri P t + 
vector with £coR. and San. gel purified and ^-labelled using the G.GAprime DNA Labelling 
K,t (Bresatec Limited, Adelaide, Australia) essentially according to the manufactured 
10 instructionsexceptthatrandomprimerswerereplacedwiththe degenerate primers described 
by Tzerfcinis et a/.(1994) (see preceding Example). Unincorporated label was removed by 
s,ze exdusion chromatography over Bioge.-P60 (Biorad Ltd, Sydney, Australia). The probe 
was used at 10° cpm/ml in hybridizations to screen the M. persicae cDNA library as described 
in Examples 7 and 8. 



15 



The positive-hybridising clones were plaque-purified and sequenced using standard 
procedures as described herein. The nucleotide sequence of the open reading frame of the 
full-length cDNA encoding the partner protein (USP polypeptide) subunit of the M persicae 
ecdysone receptor or theUSP po.ypeptide of the M. persicae juvenile hormone receptor is set 
20 forth herein as <400> 1 1. The derived amino acid sequence of this open reading frame is set 
forth as <400>12. 



EXAMPLE 13 

A construe, ,o, ,he bacuiovirus-directed compression of functiona! Ugand-binding 
reg,.ns of the EcR poivpeptide and partner protein (USP polypeptide) of*. D. 

melanogaster ecdysone receptor 

A vector was prepared to facilitate the bacuiovirus-directed c=- expression of .igand-blnding 
reg,ons derived from the EcR polypeptide and partner protein (USP polypeptide) of the D 
30 me/a n ogas«erecdysone receptor, the protein products of which associate on compression 
.= form a functional hormone^nding complex. The associated proteins are then used in high 
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through-put assays or three-dimensional structural analysis. We have found that the ligand- 
b-nd.ng domain, together with most of the linker domain of the EcR polypeptide subunit and 
of the EcR partner protein (USP polypeptide), are sufficient to associate to form a functionai 
hormone-binding complex. 

1. IsoMion of the .in .nci bi n ni ng region and linker rPnion of the P.R ~* rrWr ~ 

A Sac ,- HM\U fragment encoding most of the linker (domain D) and all of the ligand-binding 
domain (domains E and F) of the EcR polypeptide of the Droso Phi , a me,ar, ogas ,e,ecdysone 
1 0 receptor was excised from a p, aS mid comprising DNA encoding the complete EcR poiypeptide 
(Koe„e et a, 1 991) . The excised fragment was Coned into Sac, - «nd,„-digested expression 
vector pQE3l(Qia ge n), to produce the plasmid vector pQE31DmECR. 

15 A baculovirus was constructed for the co-expression in insect cells of: 

(i) a cDNA region comprising a nucleotide sequence which encodes at least the 
l.gand-b,nding domain and much of the linker domain of the EcR polypeptide of the D 
^ooasterecdysone receptor iso.ated as described at paragraph (1) above; and 
(") a cDNA region comprising a nucleotide sequence which encodes at least the 
hgand-binding domain and much of the .inker domain of the partner protein (USP 
polypeptide) of the D. melanogaster ecdysone receptor. 

To produce this bacu.ovirus, a EcoR , . Hinm fragment was excised from pQE31DmECR 
sa,d fragment encoding an oligo-His tag, and most of the .inker domain, together with a., of the 
ngand^ding domain of EcR po.ypeptide. This EcoR I - Hint* fragment was .igated into 
EcoR , - Hinm ceaved pFastBacDUAL, to produce the plasmid pDmEcR.DUAL. To insert 
gene sequences specific for the partner protein (USP poiypeptide), the H/ndll - Nrt fragment 
encodrng most of the .inker and a.i of the .igand-binding domain of the partner protein (USP 

30 r y TT aS eXdSed fr ° m 3 fU "" ,en9th ° DNA C, ° ne ^ * Vince 

30 Hennch) and ligated into Nco. - M Ceaved pDmEcR.DUAL. A nucleotide sequence encoding 

a "FL*G» peptide was subsequent* incorporated upstream of, and in the same reading frame 
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21 I! 8eqUen0e " nter ** ****** »*« of the partner 

pDmEcR USP.DUAL. Hasmids containin, the FUG<ncoding P 
^ conec. onentation were selected by nucfeotide sequel determine. 

p P R DmECR USP ° UAL «— - «— «er and ,*and-bindln g 

6 ° f P0 ' yhe,,n ' ^, a " d P1 ° "~ - — — d 

■0 Po, y pep,,de products were tnen romed ,„ insea M , ^ ^ J' 

assorted into a functional complex. ' 

Expression o, the ta gge d B„ ker and i^nd-binding reolons of the EcR polypeptide and partner 
* W po.pep.ide, seances was examined by immunobio, ^ of ^ 

an^s,s of approbate,,, tne predicted sizes for the expose* taaa ed iinKer and (fcand- 
orndrng ,e g ,ons ofthe EcR polypeptide and partner protei „ (USP ^ 

io (-lag M2 Affinity Gel (Kodak). 

25 

S^TT!"?* •*•«»—" — -hod of Yund ,* 

ZTZZ ' "^"^ ~ - - - «— ecd ys one 

-a^ue. , H,ponas t erone A, in cells infected by tn* , eMmbinant baculovirus. compared ,o 

ite. anal W 3 ^ V,fUS d ' SP ^ ^ — **— -Ion 

-Stem a„a, y s,s. nor specie bindir* o, F HJ ponasterone A, above ground ,eve b These 
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data indicate correct folding and association of the variant polypeptides comprising the linker 
and ligand-binding regions of the D. melanogaster EcR polypeptide and D. melanogaster 
partner protein (USP polypeptide). The correctly-folded and associated complex formed by 
the truncated Ecr polypeptide and trucated EcR partner protein (USP polypeptide), is used for 
5 X-ray and NMR structural analysis and for high-throughput screens. 



Construct for the baculovirus-directed co-expression of functional ligand-binding 
regions of the EcR polypeptide and partner protein (USP polypeptide) of the L. 



A vector for the baculovirus-directed go- expression of ligand-binding domains derived from 
the EcR polypeptide and partner protein (USP polypeptide) of the L cuprina ecdysone receptor 
was prepared essentially as described in the preceding Example. 



1- Isolation of the liaand-bindino region and linker region of the EcR polypeptide of the L 
cuprina ecdysone receptor. 

A Sph\ - Kpn\ fragment encoding most of the linker (domain D) and all of the ligand-binding 
domain (domains E and F) of the EcR polypeptide of the L cuprina ecdysone receptor was 
20 excised from a cDNA clone encoding the complete EcR polypeptide and cloned into the Sph\ 
- Kpn\ cleaved expression vector pQE32 (Qiagen), to produce the plasmid pQE32LcEcR. 

2, Isolation of the liaand-bindino region and linker region of the partner protein (USP 

polypeptide) of the L cuprina ecdvsone receptor. 
25 A DNA fragment encoding most of the linker domain and all of the ligand-binding domain of 
the partner protein (USP polypeptide) of the L cuprina ecdysone receptor was sub-cloned to 
produce the plasmid pBLU1. 



EXAMPLE 14 



10 



cuprina ecdysone receptor 



15 



30 



3. Construction of a baculovirus expressinqJhe linker regions of L. cuprina EcR and USP 
polypeptides 

A baculovirus was constructed for the co-expression in insect cells of: 
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(0 a CDNA region comprising a nucleotide sequence *nich encode, a. teas, the 
Ending domain ana mucn oflhe |interdomajn « = ^ 

Polypeptide) of ,h., • rf,he " nkerdoma "'°'*he partner protein (USP 
a eCdyMne ~ " *«*- - P—Ph 

domain of tHe t ' — - 

i < P'asmid P BLU1 and Ugated, together with a "Pi 

1 5 sequence into the Pm\ site of pLcEcR DUAL „ enC ° dm9 

pLcEcR.DUAL, to produce plasmid pLcEcR. USP. DUAL . 

The segment of pLcEcR.USP.DUAL which encodes the taaoeH r y 
- 3 ion S of the EcR ^peptide and p artner pJnUSP *" 

^^^^^ Q ZZZ^ sequences> p,aced 

20 a baculovirus genome bv Pm m« • «. respectively, was recombined into 

Po,pep,ide ^17^ ^ nm ^'^- T~ 

. ~i n La^,::; c r,r pressed in inseci m and s * **■ — «« 

- expressed « — * 

^ and USP polypeptide regions respectively in a»t™- , 

cells Infected „i,n , he recombinant bacuiovirus The orot ' '"^ 801 

^ner protein (USP polypept ,. «■ L c Upn „ a truncated EcR 

netercotajomenc complex to FLAG M2 Affinity 
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Gel (Kodak). 

Furthermore, binding assays, carried out by a modification of the method of Yund et al (1978), 
demonstrated a highly-significant increase in the binding of the tritiated ecdysone analogue, 
5 ponasterone A, in cells infected by recombinant virus indicating correct folding and association 
of the two protein subunits (Figure 3), greater than that of the ecdysone holoreceptor in L 
cuprina embryos. Cells infected by a control virus displayed neither antibody-positive bands 
on western analysis nor specific binding of tritiated hormone above background. 

10 Expression of the tagged linker and ligand-binding regions of the L cuprina EcR polypeptide 
and partner protein (USP polypeptide) sequences was examined by immunoblot analysis of 
extracts derived from insect Sf21 cells infected with the recombinant baculovirus, employing 
antibodies directed against the oligo-His and FLAG tags. This analysis detected bands on 
immunoblot analysis of approximately the predicted sizes for the expressed tagged linker and 

15 ligand-binding regions of the L cuprina EcR polypeptide and partner protein (USP 
polypeptide). 

The protein detected by anti-oligo-His-antibodies was enriched by affinity purification on nickel- 
NTA resin (Qiagen), and the FLAG-iabelled protein was affinity-purified using FLAG M2 Affinity 
20 Gel (Kodak). 

Furthermore, binding assays, performed using a modification of the method of Yund ef al 
(1978), demonstrated a significant increase in the binding of the labelled ecdysone analogue, 
[ 3 H] ponasterone A, in cells infected by the recombinant baculovirus, compared to the binding 
25 observed for the naturally-occurring ecdysone holoreceptor in L cuprina embryos (Figure 3), 
In contrast, cells infected by a control virus displayed neither antibody-positive bands on 
western analysis, nor specific binding of [ 3 H] ponasterone A, above background levels. 

These data indicate correct folding and association of the variant polypeptides comprising the 
30 linker and ligand-binding regions of the L cuprina EcR polypeptide and L cuprina partner 
protein (USP polypeptide). The correctly-folded and associated complex formed by the 
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truncated Ecr pc, y p e p tide and trucated EcR partner protein (USP polypeptide), is used for X- 
ray and n MR structura| ana|ysjs an{J for njgh . throughp(jt 

EXAMPLE 15 

5 A con.trucoru.e „ PreS s,.„ „, t he ., 9 an d -b,„d Ing reBi .„ * „. USP po ly pep„de 

of the L. euprina juvenile hormone receptor 

sequence. Tbe dlg e S ,e d p,a smid „ a8 blunt ^ naed usjng „ dnA polymery an. Ktenow 
Phrase. , solated by ^ puhfica , ion an<J 

pLcUSP.SlNGLE. proauce tne plasmid 

15 b ?„r duce recombinan ' bacu ' ovirus °* e ™ 9 ,te w - 

- - USP p. yp ep Me . *e segment of pUc . usp slNGLE 9 ^ 

P*P*«. and p1 o pro^r sequence «o sa,d ^men, „ operably 

20 1 ^ ^ ' S *" eXPrMMd to *» » hormone- 

20 b,*, polypepUde and , moduiatar of a homone o 

EXAMPLE 16 

25 In-vttro Scree„ lnB <6r .h. D„.ctlo„ rf l M ec.icidal Compounds 

The EcR partne, protein (usp po|ypept|de) of ^ 

« of , he insect ju „ enlte horraone receptor , the present ; 

Cen ^ ™ " —*« "> - ~« - 

— a,. (1987) . and reacted „ w cand|date , nsectiejda| ^ genera ^ ^ ^ 
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conc.mra.ion in the range from about 0.05 uM to about 100 UM of the Candida., compound 
The b,„d,n g o, compounds is detected using sfcndard procedures, and compounds having 
msetfcida, adWy are IdenMed. Preferably, such compounds exhibit Inseaidda, actMty 
againsta range of Inserts, induding diptera, hemipfea, coieootera, ants, and morns, among* 

P«*,cae, ft ™/ a „oga ste , scaie insect. white fly, and leaf hopper, amongst o.hers ,'n a 
parfccularfy preferred embodiment. InsecSdda, compounds are spedfic to L. cuprina and/or M 
persicae and close relatives thereof. 

10 

EXAMPLE 17 

Coned Myzu, persicae Ee R,USP eomolex binds prasteron. A in vUn, 

<n ^translated persfcae Ec R (MpEcR) and a „ ,„ 

M»» USP (MpuSP, poiypep.de were produced iabeiied w«n r-SJMethioni in g the 

Iomega W-Coup* Oocyte Lysate System. Each batch of ,sa.e contained ,00 2 00 

Tlt'T 3 '™'* Pr ° teinS ^ " 3 The ■"**» — analysed by 

1 f " radtoaU '^ <— -Armed tha, the Coned cDNAs encode 
P~te,„ of me SE es predicted from th, iength „ putaUve open read ,„ g frames ^ 

present ,n piasmids pMpEcR and p MPUSP . The y teWs „ EcR and USP were simiiar as 
assessed by SDS-PAGE. 

20 

in functiona, assays, DMA plasmids pMpEcR (AGAL Accession No. NM99/04567; 1 mg> or 
pMpUSP (AGAL Accession No NM99/04S68- 1 m„A ^ 

vector dBK cmv „ « NM99/ °4568, 1 mg), which have been constructed using the 
vector pBK-CMV. and 1 ml of appropriate TNT RWa p„i. m 

pp p are 1 NT RNA Polymerase were added to 48 ml of 

reaction mix which contained TNT Lvsate TNT o aa Hi n - o « 
o< Lysate, tnt Reaction Buffer, amino acid mixture Rnasin 

pnMoco,. ln cor.ro, reactions, a Udferase T3 con,™. DNA Iomega, was used in piace o, 
PMpEc* orp Mp USP. T7 RNA Polymerase was used for franscnpt.n of the « 
KNA from piasmid pMpEcR, whiis. T3 RNA Poiymerase was used for transcription of M 
persicae USP RNA from the piasmid pMpUSP and the Ludferase T3 control DNA The 
30 reactions were carried out for 90 minutes at 30X . 
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The control reaction produces 1S0-500 ng of luciferase per 50 ml reaction. 

The ecdysteroid binding activities of an in v/tro-translated Myzus persicae EcR (MpEcR) 
polypeptide and an In ^translated complex of the M.persicae EcR and USP polypeptides 
5 were produced from the RNAs using the TNT-Cou P led Reticulocyte Lysate System (Promega). 
The mixtures were stored at -20*C overnight. 

After thawing the translation products. 15 ml aliquots of the reaction mixture containing 
M.persicae EcR and USP polypeptides were combined to promote formation of the EcR/USP 
10 complex. For assays of individual proteins. 15 ml of the reaction mixture containing M.persicae 
EcR polypeptide or 1S ml of the reaction mixture containing M.persicae USP polypeptide was 
combined with 1 5 ml of control luciferase protein reaction mixture. Samples were each diluted 
to 435 ml with ECR40 buffer [40 mM KCl. 25 mM HEPES pH 7.0. 1 mM EDTA, 1mM DTT, 
BSA(0.5mg/ml). 10% glycerol] to allow for triplicates in the ligand binding assay. A control 

15 reaction (Blank) was established which contained EcR40 buffer only. An aliquot (140 ml) of 
each diluted sample was incubated with tritiated ponasterone A (DuPont NEN. Batch Number 
3281 108) at a final concentration of 2.2 nM for 90 min at room temperature. After incubation, 
the ligand binding reactions were placed on ice. The samples were pipetted onto Whatman 
GF/C filters and incubated for 30 sec. The filters were then placed on a vacuum sinter, washed 

20 with 1 0 ml EcR40 buffer and transferred to scintillation vials. After adding 7 ml of InstaGel Plus 
to each vial, the contents were vortexed and left at room temperature until the filters became 
transparent. The receptor bound ligand was quantified using a TriCarb 2100TR scintillation 
counter. 

25 The results depicted in Figure 4 indicate that significantly higher amounts of ponasterone A 
bind to the complex than to iether the USP or EcR polypeptides alone. 

Each reference cited herein is incorporated by reference to the extent that it is not inconsistent 
with the present disclosure. 

30 
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